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The comparison of crossbred and purebred swine has been 
of interest to swine breeders and experimenters for many 
years. Early experiments compared the performance of litters 
from the first cross of two breeds with purebred litters. In 
general the results demonstrated that improved growth rate, 
viability, and, to a lesser extent, feed requirements re­
sulted from crossing. Later reports showed that maximum 
returns from crossbreeding resulted only when the hybrid 
vigor exhibited in sow productivity by the crossbred sow was 
also utilized. 
In recent years much of the emphasis in swine breeding 
research has been placed on developing effective systems of 
breeding that might be used to exploit further the phenomen­
on of hybrid vigor in commercial swine production. The de­
velopment of inbred lines and the subsequent use of these 
lines in crossing has yielded valuable information in this 
field. 
The crossing of inbred lines has further demonstrated 
that hybrid vigor is important for viability, rate and ef­
ficiency of growth, prolificacy, and milking ability in 
swine. These characters are also those most adversely af­
fected by inbreeding. Comparisons of litters from two-line 
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and three-line crosses indicate superior performance of the 
crossline dams over inbred dams for number of pigs in the 
litter and for the ability to raise pigs. Crosses of lines 
from different breeds generally have shown more hybrid vigor 
than that indicated by line crosses within a breed. 
More recently, inbred lines of swine have become avail­
able to make "on-the-farm tests" using sires from these in­
bred lines to topcross on purebred or straightbred females. 
These tests furnish further information on the general com­
bining ability of the inbred lines and also make it possi­
ble to study the value of top crossing in the production of 
market hogs. 
The present study is of the data from two years in 
which topcross progeny, produced by mating inbred boars 
(from seven different lines) with purebred gilts, were com­
pared with the progeny of purebred matings on the same farms. 
A limited amount of data were also available on the perform­
ance of topcross and purebred gilts. The specific objectives 
of the present study were: 
1. To determine the results of topcrossing inbred 
boars from lines developed at Beltsville, Maryland, 
with Pennsylvania purebreds. 
2. To obtain information on the general combining 
ability of the seven inbred lines as evaluated 
from topcrosses. 
To obtain further evidence on the value of cross­
bred females in swine production. 
To compare the four breeds used as control stock. 
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REVIEW OF LITERATURE 
Effect of Year and Farm on Performance 
In the analysis of field test data, such as were studied 
in the present investigation, where the information is col­
lected on several farms and in different years, the first 
problem is to evaluate and eliminate the effect of such fac­
tors so that the breeding groups can be compared more ac­
curately. 
Eetzer (1931) found that year and breed combined ac­
counted for 7.6 percent of the total variation in the birth 
weight of pigs. The effects of year and breed separately 
were not given. A total of 3639 crossbred, high grade, and 
purebred pigs from 506 litters, which were born on the same 
farm, were studied. 
Lush (1936) in an analysis of Danish progeny-testing 
records noted definite differences from year to year, during 
the period from 1907 to 1935, in feed economy, daily gain, 
body length, thickness of backfat, and thickness of belly. 
There was a steady decline in feed requirements over the 
period. An a]most steady increase in rate of gain up to 
1929 was also noted. The rates of gain at the testing sta­
tions for the last six years of the study were 16 to 18 per­
cent higher than the average before 1923. 
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Stothart (1937), in an analysis of performance data on 
370 Canadian Yorkshire litters from 19 stations over a six-
year period, found that station and year differences con­
tributed an important part to the total variance for all car­
cass traits. In a similar analysis Johansson and Korkman 
(1950) reported on 2995 litters of Swedish Landrace and 
Large White swine and noted significant station differences 
only in age at slaughter and firmness of fat. Station dif­
ferences accounted for two to three percent of the total 
variance. Yearly differences had a significant effect upon 
all the performance traits considered. Differences between 
years contributed the following percentages to the total 
variance of the various traits: carcass length, 9; backfat 
thickness, 14; daily gain, 10; age at slaughter, 9; and feed 
economy, 11. 
Whatley (1942) noted important yearly differences in 
lÔO-day weight. Year differences accounted for 9.2 percent 
of the total variance in lôO-day weights. 
Lush and MolIn (1942) measured the effects of station 
differences on sow productivity in data collected from agri­
cultural college and experiment station herds of eight 
states, and from the U.S.D.A. herd at Beltsville. Herd dif­
ferences accounted for five, four, and ten percent of the 
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total variance in the number of pigs farrowed., the number 
of pigs weaned, and in the weaning weight of the litter. 
They suggested that the effects of season were mainly en­
vironmental but may have resulted in part from differences 
in the average genetic composition of the herds. 
Similarly, Korkman (1947) reported significant differ­
ences between herds of Large White and Swedish Landrace 
swine. These differences were responsible for 2.1, 2.5» 
and 1.5 percent of the total variance in the number of pigs 
farrowed, in the number of pigs alive at three weeks, and 
in the total weight of the litter at three weeks. 
Shelby (1952) analyzed the records on number born, 
number weaned, and weaning weight of the litter from swine 
completing requirements of the official Duroc Production 
Tested Herd Program for 1949 and 1950. Differences between 
herds were the most important source of environmental vari­
ance at birth and weaning in both 1949 and 1950. 
Anderson (1954) concluded that important yearly dif­
ferences existed for all traits except backfat thickness. 
The traits studied were carcass length, leg length, percent 
of fat cuts, backfat thickness, percent of lean cuts, economy 
of gain, and 154-day weight. 
In a mora recent study, Gaines (1957) found significant 
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differences between farms in 154-day pig weights. The dif­
ferences between farms for litter size at birth, litter size 
at 56 days, average weight of the pigs in the litter at 56 
days, and litter size at 154 days were not tested for sig­
nificance but were considered important. 
Effect of Sex on Performance 
Eussell (1930), in a study involving 3018 barrows and 
2635 sows, reported that the barrows outgained the sows by 
5.4 percent. 
Lacy (1933) reported, on the basis of 38 barrows and 
19 gilts from 19 litters fed out in Record of Performance 
tests conducted at Iowa Agricultural Experiment Station, 
that the barrows were significantly fatter and yielded a 
higher percentage of fat cuts than the gilts. Both sexes 
had about the same proportion of bellies. Gilts had larger 
hams and loins than the barrows. 
Similarly, Warner et al. (1934) compared 523 barrows 
and gilts of Poland China, Chester White, and Duroc breed­
ing. Barrows had a higher percentage of fat cuts (1.5 
percent) and a lower percentage of ham and loin (1.1 percent) 
than the gilts. 
Lush (1936), in an analysis of the Danish swine progeny 
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testing records, reported no significant effect of sex on 
daily gain. There was a highly significant influence of sex 
on carcass length with a lesser but important influence on 
backfat and belly thickness. 
Hammond and Murray (1937) noted that at equal side 
lengths, gilts had lighter carcasses, thicker bellies, and 
thinner backfat than barrows. They attributed the thicker 
bellies of the gilts to ovarian secretions acting on the 
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mammary glands. 
Whatley (1942) found that gilts weighed about seven 
pounds or four percent less than barrows and boars at 180 
days of age. 
Ashton and Crampton (1943) reported that male pigs 
gained faster than gilts from weaning to 200 pounds. The 
sexes did not differ significantly in feed utilization. A 
comparative study of the growth rates of gilts and barrows 
was made by Comstock et al. (1944) on 1602 pigs from seven 
Poland China lines and 795 pigs from the Minnesota Ho. 1 
line. They showed that the average daily gain of barrows 
was 0.04 and 0.09 pounds more than that of gilts in the 
Poland China and Minnesota No. 1 breeds, respectively. 
Miranda et al. (1946) analyzed gains made by 601 pigs of 
various breeds fed out in the Record of Performance trials 
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at the Iowa Station. They found sex had a significant in­
fluence on rate of gain and accounted for six percent of 
the intrabreed variance in daily gain. 
Bennett and Coles (1946) studied performance records 
of 220 males and l8l females, and carcass data on 154 male 
and 127 female Yorkshire pigs which completed tests in 
Canadian Advanced Registry. Significant sex differences 
were found for nearly all carcass characteristics. Female 
carcasses were longer, lighter in the middle, heavier in 
the ham, heavier in the shoulder, and larger in area of loin 
muscle than barrow carcasses. There were no significant dif­
ferences in 70-day weights between barrows and gilts, but 
barrows had a significantly larger daily gain from 70 days 
of age to 200 pounds live weight. 
Johansson and Korkman (1950) reported sex to have an 
important effect on backfat thickness and length of carcass. 
The barrows had 0.29 cms. thicker backfat, 0.21 cms. thin­
ner bellies, and 1.1 cms. shorter carcasses than the gilts. 
Sex accounted for 17 percent of total variation in carcass 
length. and 35 percent of the total variation in backfat 
thickness. Only slight differences existed between the sexes 
with regard to rate of gain and age at slaughter. 
Hetzer et al. (1950) noted that gilts yielded higher 
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percentages of the five primal cuts and of lean meat in 
the hams than barrows of the same weight and breeding. 
Their report included observations on 141 hogs that had been 
fed out in connection with the Record of Performance testing. 
Cobb (1952) found that sex had an important influence 
on percent of lean cuts and 154-day weight. Gilts had 0.46 
percentage points more of lean cuts and 0.08 inches less 
backfat at slaughter but were 8.2 pounds lighter at 154 days 
of age than the barrows. 
Fredeen (1952) investigated records on 13,084 pigs in 
the Canadian Advanced Registry for purebred Yorkshire swine. 
Sex had an important effect on all performance traits. Fe­
males required 5.4 days more to reach market weight, but 
they yielded carcasses with 0.23 inches more length, 0.11 
inches less backfat, 0.57 percent more of ham, and 0.53 
square inches more loin area than barrows. 
In à more recent study Anderson (1954) found that 
barrows were 0.2 inches shorter in carcass length and 0.1 
inches longer in leg than females. The barrows yielded 1.2 
percentage points more of fat cuts and had 0.2 inches thick­
er backfat than the gilts. The barrows yielded 1.4 per­
centage points less of lean cuts but weighed 8.3 pounds more 
at 154 days of age than females. 
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Hetzer et al. (1956) compared carcasses from barrows, 
boars, and gilts for several traits. In backfat thickness 
barrows and gilts were about the same, with both fatter 
than boars (1.6, 1.6, and 1.4 inches, respectively). Gilts 
had the highest dressing percentages, with barrows and boars 
following in that order. Gilts exceeded barrows and boars 
by 1.2 and 0.8 percentage points, respectively, in the 
yield of preferred cuts. There was no average difference 
between gilts and barrows in yield of fat cuts but both 
yielded more than boars. 
Jonsson (1957) compared the performance of 2998 bar­
rows and 2998 gilts that were individually fed at the three 
new progeny testing stations in Denmark. He also compared 
the rate of growth of the barrows and gilts during these 
four years with the data on growth rate reported for the 
last test year under group feeding. When group fed the 
barrows gained 0.03 pounds more per day than the gilts. 
Under individual feeding, the gilts outgained the barrows 
by 0.02 pounds or 1.6 percent and required about two per­
cent less feed. The reason for the difference in rate of 
growth for the sexes under the two systems of feeding is not 
clear. The author suggests that under group feeding, where 
the feed is limited, that the barrows are more aggressive 
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and keep the gilts from getting their share of the feed. 
Under individual feeding, the barrows produced carcasses 
that yielded 0.14 percentage points less of export bacon, 
had 0.25 cms. thicker backfat, and 0.11 percentage points more 
leaf fat than the gilts. The barrow carcasses were 0.62 cms. 
shorter than the gilts and scored about one point lower for 
meatiness than the gilts (on a scale where 15 was perfect). 
Effect of Carcass height on Carcass Performance 
In the present study the weight of the hogs at slaughter 
varied considerably. The effect of this variation in weight 
at slaughter must be evaluated and removed before compari­
sons of the breeding groups can be made. 
The composition of hog carcasses is determined by the 
growth rate of the constituent tissues. McMeekan (1958) and 
McMeekan and Hammond (1938) suggest that carcass quality is 
influenced strongly by the differential nature of growth. 
McMeekan (1940) in his detailed study of the postnatal de­
velopment of the pig provided a picture of a well-defined 
differential growth of the major body tissues. Skeleton, 
muscle, and fat developed in that order. Gradients of growth 
from early to late developing areas proceeded from the six 
extremities, head, tail, and four feet to a common meeting 
ground in the lumbar region. In so far as this picture of 
growth is applicable to changes in weight, differences in 
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carcass weight will be reflected in the composition of the 
carcass. Therefore, any differences in carcass weights 
that do exist in this study should be provided for in the 
statistical analysis. 
Hammond and Murray (1937) analyzed data on 900 pigs 
representing four English breeds of swine. They found that 
for each ten-pound increase in carcass weight, within the 
weight range- of 130 to 190 pounds, there was an average in­
crease of 0.48 inches in length of carcass, 0.07 inches in 
belly thickness, 0.10 inches in shoulder fat thickness, and 
0,10 inches in loin fat thickness. 
Similar results were reported by Stothart (1938) in 
a study of Canadian Advanced Registry data involving 324 
pigs. He found that with a ten-pound increase in cold car­
cass weight,- length of carcass increased 0.47 inches, 
shoulder fat increased 0.09 inches, and backfat thickness 
increased 0.08 inches. 
Brown et al. (1951) reported that differences in car­
cass weight had little effect on the variables considered. 
This was undoubtedly due to the fact that most of their 
pigs were slaughtered at about the same weight and there­
fore the partial correlations with carcass weight held con-
14 
stant would not be expected to differ greatly from those 
ignoring weights. 
Fredeen (1952) found that an increase in weight 
causes an almost linear response in the various carcass 
measurements. For each ten-pound increase in cold car­
cass weight the average change was approximately 0.34 
inches in length of carcass, 0.06 inches in thickness of 
fat over the shoulder, back and loin, 0.26 square inches 
in loin area, and -0.20 percentage points of both ham and 
shoulder. 
Anderson (1954) found that each ten-pound increase 
in carcass weight resulted in an average increase of 0.36 
inches in carcass length, 0.22 inches in leg length, 1.46 
percentage points of fat cuts, 0.36 inches of backfat, and 
percent of lean cuts decreased 1.10 percentage points. 
Effects of Mating Systems 
and Lines on Performance 
Crossbreeding for the production of market hogs has 
been practiced for many years. Wright (-1919) reported 
that stock breeders had noted that the first cross between 
two breeds was superior in vigor and rate of growth to 
either parent breed. 
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Many experiment stations have compared crossbreds 
and purebreds, Otis (1904) noted that crossbreds made 
better gains than purebreds and at less cost for feed con­
sumed. Similarly, Duckham (1926) reported lower mortality 
during suckling, higher average daily gains, and less feed 
consumed per pound of gain for crossbreds over purebreds. 
Davidson (1926) found that Landrace-Large White cross­
breds matured earlier than either of the parental strains. 
At the Iowa station Musson (1934) reported a slight 
advantage of crossbreds over purebreds at birth and wean­
ing and also superior performance of the crossbreds in 
the feedlot for average daily gain and feed consumed per 
hundred pounds gain. 
Menzies-Kitchin (1937) found that Large White-Large 
Black crossbreds reached slaughter weight 45 days earlier 
and yielded carcasses having a higher percentage of primal 
cuts than the parental breeds. 
Hammond and Murray (1937) noted that crossbred pigs 
produced carcasses that were intermediate in backfat thick­
ness and belly thickness to the parental strains but were 
above the parental average in length of side. 
Other published material on crossbreeding of swine 
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prior to 1939 has been reviewed by Lush et al. (1939)• 
For an excellent discussion of this material the reader 
should refer to the above article. The papers covered in 
this review, in general, showed crossbreds superior to the 
purebreds in gaining ability, weight for age, weight of 
pigs at weaning, weight of litter at weaning, viability 
from birth to weaning, with small and inconsistent differ­
ences in feed requirements (Hammond, 1922; Shaw and 
MacEwan, 1936 ; McMeekan, 1936 ; Whetham, 1935 î Winters et al. 
1935; Shepperd and Severson, 1933; and Robison, 1938). The 
above differences were usually small but predominantly in 
favor of the crossbreds over the purebreds. 
Winters et al. (1935) were among the first to report 
using the crossbred sow in a continuous crossing program. 
The crossbred sows were more efficient producers of pork 
than the purebred sows. Litters from crossbred sows av­
eraged from two-thirds to two pigs per litter more at 
weaning and the pigs were from five to seven pounds heavier. 
The litters from the crossbred sows averaged from 63 to 96 
pounds heavier at weaning than those of the purebreds. 
The crossbred pigs reached a weight of 225 pounds from 17 
to 22 days earlier than comparable purebreds and required 
from 27 to 36 fewer pounds of grain. The authors concluded 
that crossbred sows were superior to purebreds for producing 
market pigs and the resulting pigs benefited as much from 
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being out of crossbred sows as they did from being cross­
breds themselves. 
Lush et al. (1939) reported similar results at the 
Iowa Agricultural Experiment Station. They analyzed data 
from 1013 pigs farrowed in 108 litters and involving 
Landrace and Poland China crosses, as well as those made 
by crossing the Duroc, Poland China, and Yorkshire breeds* 
Their results showed that the crossbreds were superior to 
the purebreds in percentage of stillborn pigs, vigor of 
pigs at birth, and survival from birth to weaning. Cross­
bred pigs averaged three to four pounds heavier at weaning. 
The crossbred litters were heavier at weaning partly due 
to the faster growth of the crossbred pigs and partly to 
there being slightly more crossbreds in the litters at 
weaning. In the feedlot the crossbreds gained 0.09 to 
0.12 pounds more per day and reached a weight of 225 pounds 
more quickly on 25 to 30 pounds less feed. Crossbred sows 
were observed to be efficient pig producers. The authors 
suggested that the crossbred sows should be used in commer­
cial swine production breeding program in order to take ad^-
vantage of the hybrid vigor of the crossbred dam in nursing 
and rearing ability. 
After summarizing data from a large number of cross­
breeding experiments Carroll and Roberts (1942) concluded 
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that crossbreds approach but do not excel the "better" 
purebreds and suggested that crossbreeding has nothing to 
offer the breeders with the better herds. At first these 
results seem contradictory to those reported previously. 
However, Carroll and Roberts used the "better" parent in­
stead of the parental average as a criterion for compari­
son so the crossbreds had to excel the Abetter" of the two 
parents to be superior. VTiich breed was the "better" par­
ent was not chosen until after the results from each ex­
periment were known. In this switch from one experiment 
to another the identity of the "better" breed also changed. 
Thus, if there were several experiments comparing breeds 
A- and 3 with their cross, the better of the two purebreeds 
was sometimes A and sometimes B. Then when they averaged 
all such comparisons the average "better" breed was a mix­
ture in varying proportions of different breeds. This 
stacked the experimental errors against the crossbreds in 
a biased way and does not correspond at all to the situa­
tion which the seine producer faces when he chooses, be­
fore the outcome of that particular season is known, which 
breed or cross to produce. Comparing the same crossbreds 
to the one parent breed which on the average had the best 
overall performance may lead to different results. Dick-
erson (19.52)» using the same data summarized by Carroll 
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and Roberts (1942), concluded that the crossbreds were 
superior to the purebreds in every trait except number 
farrowed. 
Robison (1948) analyzed data on crossbreeding from 
four experimental herds in Ohio. On one farm purebred 
Durocs were compared with Poland China-Duroc crossbreds, 
crossbreds by Hampshire sires and out of sows of Poland 
China-Duroc breeding, and crossbreeds from dams in the sub­
sequent generations of a rotational plan of crossbreeding. 
These three crossbred groups excelled the purebreds by 
0.3, 0.9, and 1.3 pigs per litter at 180 days of age and 
the litters were l80, 105, and 333 pounds heavier at 180 
days, respectively. 
In another phase of the same study, three breeds 
(Poland China, Duroc, and Hampshire) were used in a contin­
uous rotational cross. In general, the crossbred litters 
were heavier and had more pigs per litter at 180 days of 
age than litters from the parental breeds. The crossbred 
litters were also heavier at eight weeks of age and showed 
a slightly greater viability from birth to weaning. First-
cross and three-breed cross pigs (out of crossbred dams) 
reached an average weight of 220 pounds 14 and ten days 
earlier than the purebred pigs, respectively. Similarly, 
pigs of the two-breed backcross reached an average weight 
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of 220 pounds three days earlier, and pigs of three-breed 
backcross litters reached the same average weight 13 days 
earlier than the purebreds. Little difference in feed re­
quirements existed between breeding groups. 
Robison (1944) reported that line cross pigs gained 
faster and made slightly greater gains per unit of feed 
than outbred pigs. He also reported that mating boars of 
one inbred line to sows produced by crossing two other in­
bred lines resulted in more pigs saved per litter to market 
time, fewer runts, faster gains, and more economical gains 
than did mating outbred boars and sows. 
In a preliminary report covering a three year period, 
Winters et al. (1944) reported a 24 pound advantage of 
crossline pigs over pigs of the inbred parental strains at 
l80 days of age. Grossline pigs gained 0.13 pounds more 
per day. The crossline litters had 1,3 more pigs at wean­
ing and had a ten percent smaller death loss. The crossing 
of lines of different breeds produced pigs that were 65 
pounds heavier at 180 days of age and which gained 0.37 
pounds more per day. Crossline litters had 0.6? more pigs 
at weaning than litters from the parental strains. They 
concluded that the superior lines tended to produce superior 
crossbreds and that more increase in vigor resulted from cros­
sing lines between breeds than resulted from crossing lines 
within the Poland China breed. 
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Bickerson et al, (1946) reported that pigs from crosses 
between inbred lines of Poland China exceeded inbred pigs, 
sired by the same boar as the crosses, by 3.4 pounds per 
pig at 56 days and by 25 pounds at 154 days. Feed require­
ments were the same for the inbreds and the crosses for the 
period from 84 days to 225 pounds. In litter weight at 
154 days the crosses exceeded the inbreds by 290 pounds. 
Mortality was lower among crosses than among inbreds, both 
before and after birth, so that by five months of age the 
crosses exceeded the inbreds by 1.4 pigs per litter. 
Henderson (1949) analyzed data on 214 litters repre­
senting 77 line crosses of 12 Poland China lines at the 
Iowa Station. He found that general combining ability ac­
counted for less than five percent, dominance and epistatis 
for five to 15 percent, and maternal and sex-linkage ef­
fects for none of the variation among crosses. The traits 
studied were litter number and weight at 0, 21, 56 and 154 
days. 
Sierk and Winters (1951) compared the performance of 
inbreds, line crosses within breeds, and line crosses be­
tween breeds. They concluded that crosses of lines within 
a breed showed less heterosis than crosses of lines of dif­
ferent breeds. Inbred pigs weighed approximately 30 pounds 
at 56 days and 147 pounds at 154 days. The crossline pigs 
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weighed 34 pounds at 36 days and l6l pounds at 154 days. 
Line crossbreds (line crosses between different breeds) 
weighed 40 pounds at 56 days and 197 pounds at 154 days. 
Daily gains for inbreds, crosslines, and crossbreds were 
1.14, 1.27 and 1.33 pounds, respectively. The differences 
in feed requirements were small but were in the same order 
of superiority. 
Whiteman et al. (1951) studied the carcasses of 136 
hogs to evaluate differences due to breeding. They found 
differences among breeding groups in specific gravity, 
carcass length, backfat measurements, loin lean area, ham 
lean area, and the percentage of primal cuts. No differences 
among breeding groups were noted for percentage of belly. 
Crossbred pigs yielded the most desirable carcasses in 
that they were longer, leaner, and had a higher percent of 
ham and loin than any other breeding group except a line 
of Landrace-Poland inbreds. The Landrace-Poland carcasses 
were considered too soft. 
Magee (1951) reported that the differences among the 
genie value of lines, season place groups, litters within 
three-line cross season-place subclasses, and pigs within 
litter were important causes of variation in the 154-day 
weights of 2137 three-line cross pigs. The maternal effects 
23 
of the lines and the interactions between the different 
effects were not statistically significant. The perform­
ance of four different lines in a farm testing program 
corresponded closely with the estimates of their genie 
values. The correlation between the genie values of the 
lines, estimated from three-line crosses, and the weight 
of the pigs in the inbred lines was 0.6. 
Chambers and Wat ley (1951) studied the litter weights 
and number of live pigs per litter for 371 litters of 
Duroc swine at birth, 21, 56, and 180 days of age. Com­
parisons were made between inbred litters from seven dif­
ferent lines and with two-line cross, three-line cross, and 
outbred Duroc litters. The two-line cross litters were 
heavier than the inbreds at birth, 21, 56, and 180 days by 
1.2, 7*4, 23.5, and 180.9 pounds, respectively. At the 
same ages the two-line cross litters contained 0.4, 0.8, 
0.9 and 1.1 more live pigs than the inbred litters. Heter­
osis in sow productivity was demonstrated by comparing 
three-line cross litters with two-line cross litters. The 
three-line cross litters exceeded the two-line cross lit­
ters by 2.9 pounds at birth, 9*6 pounds at 21 days, 29.7 
pounds at 56 days, and 298 pounds at 180 days. The ad­
vantages at similar ages in number of live pigs were 1.4, 
1.2, 1.2, and 1.7 pigs, respectively. 
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Hetzer et al» (1951) compared the performance of all 
possible crosses among six inbred lines with the performance 
of the parental strains. This work is of particular in­
terest because these same six inbred lines are represented 
in the present study. The data came from 35 inbred lit­
ters and 184 two-line cross litters that were farrowed over 
a two-year period. The crosses exceeded the inbreds by 
1.2 pigs per litter at birth, 1.7 pigs at 21 days, and 1.7 
pigs at 56 days. The line cross litters exceeded the inbred 
litters by 2.4 pounds at birth, by 17.9 pounds at 21 days, 
and by 64 pounds at weaning. Similarly the average indi­
vidual line cross pigs were heavier at every age than the 
inbred pigs. Crosses had slightly higher dressing per­
centages, a slightly lower yield of lean cuts, and more fat 
than did the inbreds. These results support the view that 
the lower the genetic relationship between inbred lines the 
higher, in general, is the performance of crosses between 
them. The crosses showed more advantage over the inbreds 
in litter size than in rate of growth. 
Robertson et al. (1951) reported a significant differ­
ence in age at puberty between 49 Chester White and 57 
Poland China gilts. The Chester Whites ovulated signifi­
cantly more ova at the first and the second heat periods 
than did the Poland Chinas. Both breeds ovulated signifi­
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cantly more ova at the second heat than at the first. 
Fertilization rate was higher and embryonic death rate 
was lower in the Chester White breed than in the Poland 
China breed. Average size of litter farrowed was 10.3 
in Chester Whites and 6.5 in Poland Chinas. 
Warnick et al. (1951) found that gilts conceiving at 
the third heat period farrowed an average of 1.4 pigs more 
than those conceiving at the second heat and 2.5 more than 
those conceiving at the first heat» These differences ap­
proached statistical significance. Line differences in 
ovulation rate at first heat were highly significant. Dif­
ferences between the lines in the number of pigs farrowed 
by gilts were not significant. 
Squiers et al. (1952) studied the differences between 
crosses and inbreds in ovulation rate, fertilization rate, 
and total mortality. Significant differences in ovulation 
rate were found between strains and between parent strains 
and crosses. Crosses had 1.2 more ova than the parent 
strains. The strains did not differ significantly in fer­
tilization rates, but the crosses had significantly fewer 
ova (0.8) lost to the 25th day of gestation. Crosses had 
a highly significant advantage of 1.9 pigs in litter size 
at the 25th day of gestation. 
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Warren and Bickerson (1952) analyzed the data on pigs 
resulting from mating males and females of two inbred 
Poland China tester lines with nine different stocks of 
five breeds. They concluded that differences between lines 
of sire and of dams approached significance for weaning 
weight of pigs. Litter size at birth and weaning differed 
no more between lines of sire or dam than would be expected 
from the variation within crosses if no real line effect 
existed. The line of sire and line of dam differences in 
154-day weights of pigs and in their daily gain from 
weaning to market weight were large and real. Line of dam 
accounted for nearly twice as much of the variation in both 
measures of growth as did line of sire. Highly significant 
differences in thickness of backfat were found for line of 
sire and line of dam effects. 
Gregory and Dickerson (1952) reported that when cross-
line pigs were limited to the same level of feed intake as 
the parental strains they showed a marked superiority in 
rate and economy of gain. When full-fed, the advantage of 
crosses over the parental strains was greater in rate of 
gain but less in economy of gain. In carcass desirability 
at 205 pounds live weight, crossline pigs were intermedi­
ate to inbreds of the parental lines. 
Differences between the progeny (topcross) of inbred 
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boars and the progeny (nontopcross) of noninbred boars 
bred to noninbred sows were analyzed by Durham et al. 
(1952). They had records on 1968 pigs from 314 litters 
sired by inbred boars and 2351 pigs from 366 litters sired 
by noninbred boars. They found no significant differences 
between topcross and nontopcross matings in size of lit­
ters farrowed, weaned, alive at five months of age, or in 
percentage viability from birth to 5 months. Differences 
in litter size between the topcross groups were not statis­
tically significant. Topcrosses and straightbreds did not 
differ significantly in weights at 56 and 154 days of age 
or in rate of gain between 56 and 154 days of age. Some 
indications of differential performance in growth charac­
teristics among the lines were noted. 
The productivity of 200 topcross gilts and 238 nontop­
cross gilts was also studied by Durham et al. (1952). Sig­
nificant superiority of the topcross gilts in number of 
pigs farrowed and weaned and in litter weight at weaning 
was found. Some indication of differential performance 
among the lines was noted. Three lines were significantly 
higher in topcross gilt productivity than the nontopcrosses. 
The litters from topcross gilts averaged 1.2 more pigs at 
farrowing and 1.1 more pigs at weaning than the nontopcross 
gilts» The topcross litters were 37.2 pounds heavier at 
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weaning. Ovulation rates of ten topcross and ten nontop­
cross gilts were checked after slaughter. The topcross 
gilts ovulated 1.6 more eggs than the nontopcross gilts. 
A comparison of the crosses of Landrace with Durocs, 
Poland Chinas, and Hampshires with purebreds from these 
four breeds was made by Tucker et al. (1952). Under full-
feeding the crosses gained seven percent faster and reached 
final weight ten days earlier. The crosses were no more 
efficient than the parental purebreds. Crosses yielded 
slightly less lean but more fat and belly. 
England and Winters (1953) compared 2332 crossbred 
pigs with their parental lines. The crosses were divided 
into various groups according to the probable genetic dif­
ference between the parental lines. The amount of hetero­
sis expressed in two-line crosses and in rotational crosses 
tended to be larger when the probable genetic difference 
between the parental lines was large. The best results 
were obtained when crossbred sows were used in a continu­
ous crossing program. This plan permits utilizing the het­
erosis exhibited by the crossbred sow in number of pigs 
and mothering ability. 
Hetzer et al. (1953) reported on a companion study to 
the present study. Females from the same seven inbred 
29 
lines that were used in this study were crossed in all 28 
combinations with boars of Berkshire, Chester White, 
Hampshire, and Poland China breeds to produce litters in 
1950 and 1951» A total of 241 litters were produced with 
the number representing each cross ranging from six to ten. 
The traits studied were litter size and litter weight at 
birth, at 21 and at 56 days of age. 
Estimates of the general combining ability of the 
lines and breeds and of the specific effects among crosses 
were obtained. Since the lines were always used as the 
female parent the line differences contained maternal ef­
fects. Line differences for number of pigs and weight 
of litter at birth were large. Line differences for litter 
weight at birth were significant. The Landrace line was 
superior to all other lines for each trait studied. Breed 
differences were large but were not statistically signifi­
cant. Substantial but non-significant differences in the 
way the lines combined with the different breeds were noted 
for all traits. 
Bradford et al. (1953) analyzed data on 2827 litters 
of pigs, farrowed and raised by gilts on Wisconsin farms, 
for differences in sow productivity and pig weights at 154 
days of age. Spotted Poland China, Duroe, Chester White, 
and Poland China breeds were represented. Significant dif-
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ferences were found among breeds of dam for litter charac­
teristics. Duroc sows farrowed the most pigs with the 
Poland China sows having the fewest. The differences in 
154-day weight among the breeds were not significant. 
Mortality was lower in the litters from the crossbred dams 
than in the litters from the straightbred dams. The cross­
bred dams farrowed an average of 8.9 pigs compared to 8»7 
for the straightbred dams. This difference was small and 
not significant but was in the same direction as those 
noted previously. 
Foote et al. (1956) studied the effects of different 
mating systems on the age of gilts at puberty. Inbred 
gilts reached puberty at 228 days of age as compared to 
193 days of age for line cross gilts. In a separate an­
alysis crossbred gilts reached puberty at an average age 
of 222 days as compared to 285 days for the purebred gilts. 
Further tests in 1954 showed significant differences be­
tween mating types within the purebred and crossbred sys­
tems of mating as well as between the two systems. 
Bolick et al. (1956) compared an inbred line of Tam-
worths, an established three-breed rotational cross, and 
a group of outbred purebred Duroes. The rotational cross 
excelled in number farrowed alive, number weaned, and lit-
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ter weight at 56 days. However, considerable variation 
among mating systems was found from year to year. Pigs of 
the three-breed rotational cross had lower mortality from 
birth to weaning than pigs from Duroc s or Tamworths. 
In a recent study at the Iowa station, Gaines (1957) 
examined the differences in litter size and growth rate 
"among purebred and crossbred swine. The data included 
1360 litters of purebred and crossbred pigs farrowed over 
a period of eight seasons. When nine inbred lines of 
Poland boars were topcrossed on Landrace sows, significant 
differences were noted between the lines for 154-day weight 
and for litter size at birth. Crossbred sows were superior 
to purebred sows in litter size at all ages. The Landrace-
Poland sows were superior to other combinations of cross-
breds. 
Effect of Breed on Performance 
Most of the American breeds of swine were established 
as purebreds around 1875» Such breeds as the Poland China, 
Duroc, Chester White, and Hampshire, and the imported 
English breeds, Berkshire, Yorkshire and Tamworth, consti­
tuted the seed stock available for producing commercial hogs. 
One of the important decisions faced by swine producers was 
that of choosing the breed or breeds and the mating system 
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to be used for commercial swine production. 
Many farmers made comparisons and several colleges 
and experiment stations conducted trials comparing various 
breeds. The main outcome of these experiments was not nec­
essarily the answer as to the best breed, but they did find 
that breeds differ in their performance and no one breed 
was superior in all respects. Reference will only be made 
to more recent results. 
Lush and Molln (1942) noted significant differences 
between breeds in the number of pigs farrowed, number weaned 
and weaning weight of the litter. For number farrowed, the 
four breeds that are also represented in the present study 
were ranked ; Chester White, Hampshire, and then the Berk­
shire and Poland China about the same. For number at wean­
ing they were ranked; Hampshire, Chester White, Berkshire 
and Poland China. The breeds tended to rank the same way 
at the different stations. 
Willman and Krider (1943) studied the carcasses of 30 
pigs each of the Berkshire, Chester White, and Duroc breeds. 
The average weight of the pigs at slaughter was 209 pounds. 
At slaughter the Berkshires were 11 days older than either 
the Durocs or Chester Whites. No significant differences 
were noted in circumference of ham between the breeds. The 
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Berkshires were considerably leaner than either the Chester 
Whites or Durocs as indicated by thickness of backfat, area 
of loin eye muscle, and area of lean in the cut end of the 
ham. The Chester White carcasses had slightly more back­
fat than the Duroc carcasses and were better muscled, as 
indicated by a larger area of loin eye muscle and a slightly 
larger area of lean in the cut end of the hams. 
Miranda et al. (1946) reported that breed differences 
must be considered in allotting pigs for feeding trials. 
Variance due to difference among breeds accounted for 21 
percent of the total variance in rate of gain. 
Large breed differences were reported by Munson (1957) 
for daily gain, feed conversion, live backfat probe, per­
cent of lean cuts and percent of defatted ham. Breed dif­
ferences accounted for 23 to 36 percent of the total vari­
ation in these traits. These results were from data on 402 
boars and 201 barrows from ten breeds which were fed out in 
the fall and winter of 1956 at the Iowa Swine Testing Sta­




In 1934, the United States Department of Agriculture 
imported boars and sows of Danish Landraee, Danish York­
shire, and English Large Black breeding as the first step 
in forming inbred lines and determining their usefulness in 
crossing. Two inbred lines were formed from crosses made 
in 1934, between the Landraee and Duroc and between the 
Landraee and Poland China. Two more inbred lines were start­
ed in 1935 from crosses between the Landraee and Chester 
"White and between the Yorkshire and Duroc. Another line was 
started in 1936 from a cross between the Landraee and Large 
Black. In 1939, two new lines, one of which later replaced 
the Yorkshire-Duroc line, were started by crossing the 
Landrace-Hampshire (Montana Ho. 1) line with stock from the 
Yorkshire-Duroc and Landrace-Duroc lines. The Landraee-
Hampshire line, referred to above, originated at Miles City, 
Montana, from a cross between the Landraee and black Hamp-
shires. Table 1 gives the average percentages of the in­
heritance of each line that was derived from the parental 
breeds. The codes for the lines, given in Table 1, will be 
referred to in later tables. 
Table 2 gives the average coefficients of inbreeding 
Table 1. Average percentage of the Inheritance of the parent breeds represented 
in the lines in 194-7® 
Inbred line Code Percentage of inheritance from each breed 
Landraee Chester Duroc Hamp- Large Poland York-
White shire Black China shire 
Landraoe-Large Black LLB 74 
Landraee L 100 
Landraoe-Duroo LD 76 24 
Landraoe-Poland China LPC 74 
Landraoe-Duroo-
Hampshire LDH 76 15 9 
Yorkshire-Duroo-Land-
raoe-Hampshire YDLH 5 32 5 
Landraoe-Ohester 
86 White LOW 14 
®These calculated percentages have remained essentially the same since .1947» 
Information for this table was furnished by II. 0. Hetzer. 
36 
Table 2. Average coefficients of inbreeding and relation­
ship among the seven inbred Beltsville lines 
In­ Inbreeding of linesa : Relationship of lines b 
bred 1947-48 1950-51 :LCW LD LLB LPC LDH YDLH 
line 
-








.21 .18 .17 .00 
LOW .42 .44 .01 .02 .01 .02 .00 
LD .19 .24 .14 .14 .25 .02 
LLB .17 .28 .12 .12 .00 
IPC .24 .29 .11 .00 
LDH .25 • 27 .03 
YDEH .27 .35 
^Inbreeding coefficients refer to the average inbreed­
ing of sows used to produce litters in the years indicated. 
^Relationship coefficients between pairs of lines are 
based on relationship among animals used for litters in 194? 
and 1948. Information for this table was furnished by E. 0. 
Hetzer. 
and relationship for the seven inbred lines. In 1947 the 
average relationship among the lines ranged from zero to 25 
percent, and the average inbreeding of the lines in 1950 and 
1951 was from 24 to 44 percent. 
The seven lines have been tested at Beltsville on the 
basis of their own performance and on the basis of all pos­
sible reciprocal crosses. The present investigation was 
started in 1949 to gain further information on the combining 
ability of these seven inbred lines by using inbred boars 
from these lines to topcross on purebreds. An additional 
purpose was to study the value of topcrossing for the produc­
tion of market hogs. 
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Source 
The data used in the present study were collected by 
the Pennsylvania Agricultural Experiment Station in coop­
eration with the United States Department of Agriculture, 
The records included information at birth, at weaning, in 
the feedlot, and at slaughter, on pigs from purebred and 
topcross litters farrowed in 1930 and 1951, and from pure­
bred, backcross and three-strain cross litters farrowed in 
1953. Topcross litters were from purebred sows and sired 
by boars from seven different inbred lines which had been 
developed at the Agricultural Research Center, Beltsville, 
Maryland. In 1953 some of the topcross gilts, produced in 
1952 from purebred sows and sired by inbred boars, were bred 
to purebred boars to produce backcross litters, and some 
were mated to boars from the Landrace-Hampshire (Montana 
No. 1) line to produce three-strain cross litters. 
Experimental procedure for 1950 and 1951 
In the spring of 1949 seven breeders of each of the 
four breeds, Chester White, Poland China, Berkshire, and 
Hampshire, were selected as cooperators. The cooperators 
were located by the fieldmen of the Pennsylvania Agricul­
ture Extension Service. Selection of these cooperators was 
based on the breed of swine they were using, on their willing-
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néss to cooperate in the project, and on the judgment of 
the fieldmen that they would be satisfactory cooperators. 
The location of the farms is given in Figure 1. 
Table 3 outlines the experimental design. It shows the 
number of litters with usable information at weaning by farm, 
breed of gilts and breed of boars. Due to disease outbreaks, 
breeding failure, and other unforeseen losses the number of 
litters varies. A few farms failed to yield any information 
in 1950. Table 4 shows similar information for the spring 
litters at weaning in 1951. A few farms that cooperated in 
1950 withdrew and did not cooperate in 1951* In order to 
test the same number of boars the second year, some coopera­
tors used more than one boar for testing the second year, 
and one additional cooperator was added. 
It can be seen from Table 2 and Table 4 that no farms 
have the same crossbred group represented in both years. 
Only on farm 1 in 1950 and farms 1, 18, 24, 26, and 29. in 
1951 were comparisons between different topcross groups pos­
sible on the same farm. Direct comparisons between breeds 
on the same farm are possible on farms 1 and 29. It is clear 
from the above tables that comparisons among breeds within 
purebreds and among topcross groups within crossbreds will 
include farm differences. The term crossbreds will be used 
when referring to the topcrosses as a group. 
Figure 1. Map of Pennsylvania showing the location of the test farms 
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Table 3» Number of litters with information at weaning in 
1950 by farm, breed of boar, and breed of sow 
Breed Farm Breed of boars* 
of no. b H CW PC LLB L LD LPC LDH YDLH LOW 
gilts 
Berk­ 20 5 
shire 1 2 





Hamp­ 16 0 
shire 4 5 





Ches­ 1 6 
ter 12 0 
White 6 6 




Poland 13 4 
China 19 4 





















aUsed one inbred boar in each herd. The symbols for 
these lines of breeding are given in Table 1. 
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Table 4. Number of litters with information at weaning in 
1951 by farm, breed of boar, and breed of sow 
Breed Farm 
of no. b H CW PC 
gilts 
Breed of boarsa 
LLB L LD LPC LDH YDLH CÏÏL 
Berk­ 30 4 
shire 5 5 





Hamp­ 3 6 
shire 25 4 






ter 22 3 
White 29 5 




Poland 7 5 
China 11 6 









Same as for Table 3« 
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Each year four boars from each of the seven inbred 
lines were chosen for test purposes. Performance records 
and visual appraisal were the major criteria used to select 
these inbred boars. The boars were assigned to the farms at 
random with the restriction that no line would be represented 
on the same farm, both years. 
The purebred gilts were selected by the breeder with the 
help of the fieldman assigned to the project. Gilts produc­
ing litters in 1950 and 1951 were out of spring litters in 
1949 and 1950, respectively. At breeding time the gilts were 
divided into two groups. These groups were balanced as nearly 
as possible with reference to litter mates, size, and age of 
the gilts. One group of six or more of the purebred gilts 
was bred to a purebred boar of the same breed and the other 
group of six or more purebred gilts was bred to an inbred 
boar from one of the seven inbred lines. The breeders were 
instructed to breed the gilts so that they would farrow at 
about one year of age. Both pasture breeding and hand mating 
were used. The fieldman checked the rations to see if they 
were adequate, and he was available to help with management 
problems. 
At farrowing time the breeder recorded the number of 
pigs farrowed and the weight of the litter and ear marked 
the pigs for future identification. Data at weaning were 
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collected by the fieldman who was employed by the Pennsyl­
vania station. The number of pigs and weight of each pig 
were recorded when the litters were weaned at about 56 days 
of age. For those pigs which were not exactly 56 days of 
age when weighed the weaning weights were adjusted to a 56-
day basis by the formula of Whatley and Q,uaife (1937)» At 
weaning time at each farm 12 purebred pigs and 12 crossbred 
pigs from each mating system, which was at that farm, were 
selected as test groups to go into the feedlot. The 12 pigs 
came from several different litters, usually not more than 
two or three from any one litter. Only pigs that the field-
man considered representative of the litter were put into 
the test groups. The crossbred and purebred groups were 
kept in separate but adjoining pens. The pigs were self-fed 
a standard ration prescribed by the station fieldman. The 
mineral and protein supplements were furnished by the sta­
tion and were then mixed with corn furnished by the breeder. 
All pigs on feed had access to pasture, but the pastures 
varied considerably from farm to farm. 
The fieldman weighed the pigs when they were approxi­
mately 140 days of age and again when they were near market 
weight. Weights for pigs that were not exactly 140 days of 
age were adjusted to a standard 140-day basis by using the 
method of Hetzer et al. (1954) which is a modification of 
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the formula of Lush and Kincaid (1945). When the average 
liveweight of the group was about 215 pounds the fieldman 
and the breeder agreed on the day for the pigs to be deliv­
ered to a packing plant designated by the fieldman. 
The hogs were delivered to the packing plant by the 
breeder early on the morning they were to be slaughtered. 
The hogs had been off feed since the night before but had 
access to water. At the packing plant each hog was weighed 
and graded by specialists from the Pennsylvania station and 
the U.S.D.A. The animals were slaughtered and the carcass 
was weighed warm with head on. The head was removed and 
weighed. The carcasses were chilled for 24 hours. Backfat 
measurements were taken opposite the first rib, seventh rib, 
and first, middle and last lumbar vertebrae. Length of car­
cass was taken from the front of the first rib to the anter­
ior edge of aitch bone. All of these measurements were re­
corded to the nearest millimeter. 
Carcass data were obtained by meats specialists from the 
U.S.D.A. and the Pennsylvania station. The carcasses were 
cut and weights of all major cuts and trimmings were re­
corded. The procedure followed in cutting was that outlined 
by Eankins and Einer (1937)• 
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Experimental procedure for 1952 and 1953 
In order to test the performance of topcross gilts with 
that of purebred gilts the experiment was carried on for two 
more years but was modified considerably. In 1951 breeders 
who wished to continue as cooperators for the next two years 
were located. Inbred boars from the Landrace-Chester White, 
Landrace-Poland China, and landrace-Duroc-Hampshire lines 
were assigned to the farms to produce topcross gilts for test 
purposes. The breeders were asked to produce five or more 
purebred gilts and ten or more topcross gilts for use in test 
matings in the fall of 1952. 
In the fall of 1952 the five or more purebred gilts on 
each farm were mated to a purebred boar, chosen by the breed­
er, of the same breed as the gilts. This same purebred boar 
was mated to five or more of the topcross gilts. The other 
five or more topcross gilts were mated to a boar of the Land-
race-Hampshire (Montana No. 1) strain. These three mating 
systems will be referred to as purebreds, backcrosses, and 
three-strain crosses, respectively. The breeding of the pigs 
by farm and mating system is given in Table 5* 
Records on litter, feedlot, and carcass performance 
were obtained in 1953 as previously outlined for 1950 and 
1951. 
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Table 5» Breeding of pigs by farms and mating systems 
in 1933a 
Farm Mating systems 
number Purebreds Backcrosses Three-strain crosses 
1 CWxCVi CWx( CWxLDH) LH( CWxLDH) 
3 HxH Hx(HxLPC) LTT(HxLPC) 
10 BxB Bx(BxLCW) LH(BxLCW) 
13 PCxPC - — _ - LH(PCxLPC) 
18 HxH Hx(HxLPC) LH(HxLPC) 
20 BxB Bx(BxLCW) LH(HXLCVY) 
22 CWxGW CWx(CWxLCTT) • — — 
25 Hx(HxLCW) LH(HxLCW) 
aThe symbols are the same as used in Table 3 except 
LH = Landraee-Hampshire (Montana No. 1). 
Traits studied 
The traits that were studied in the present analysis 
were: 
Litter traits 
Total number of pigs farrowed 
Number of pigs weaned 
Total weight of litter at weaning 
Feedlot traits 
140-day weight 
Average daily gain from weaning to slaughter 
Carcass traits 
Percent of lean cuts 
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Percent of bacon 
Percent of fat cuts 
Length of carcass 
Average backfat thickness 
The differences in total numbers of pigs in the lit­
ter at birth were not studied in 1950 and 1951. The in­
fluence of the number of pigs at farrowing on the number of 
pigs at weaning and on total weaning weight of the litter 
was measured by including a constant in the model for the 
regression of the trait at weaning, say number weaned, on 
number farrowed. The total number of pigs weaned and total 
weight of the litter at weaning were chosen because they rep­
resent the productivity of the sow. Chambers and Whatley 
(1951) stated that the best one measure of performance for 
comparing lines or crosses was total weight of the litter. 
Number weaned was included to aid in interpreting the dif­
ferences in the total weight of the litters. 
Performance in the feedlot was measured by 140-day 
weight and average daily gain. The latter was computed by 
dividing the gain from weaning to slaughter by the number 
of days from weaning to slaughter. Both measure rate of 
growth but 140-day weight includes the effect of weaning 
weight more than does daily gain. No corrections for the 
effect of differences in weaning weight on feedlot gain were 
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made; therefore, daily gain usually will be higher for those 
pigs which go on feed at heavier weights. Naturally the pigs 
which are the heaviest at 140 days tend to have a larger 
daily gain since gain in weight from 56 to 140 days of age is 
a part of the total gain on feed and is included in the 
figures for daily gain. 
Percent of lean cuts was chosen as a measure of lean­
ness. It was calculated by expressing the total weights of 
the skinned hams, loins, picnic shoulders, and Boston butts 
as a percentage of the warm carcass weight with the head on 
(hereafter referred to as warm carcass weight). Warm car­
cass weight was chosen as the base weight because there was 
less chance for error of measurement in this weight than in 
the cold carcass weights. Any weight loss due to trimming 
of abcesses, bruises, etc., would affect the cold carcass 
weight but not the warm carcass weight. Variations in the 
removal of the head would affect the cold carcass weight and 
not the warm carcass weight. Yields of the various cuts or 
combination of cuts which are expressed as a percentage of 
the warm carcass weight will be less than those based on 
cold carcass weight. 
The weight of the bacon expressed as a percent of warm 
carcass weight was included to give an idea of the effect 
of topcrossing on the yield of bacon. Percent primal cuts 
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can be obtained by adding the percent lean cuts to the per­
cent bacon. 
Percent of fat cuts and average backfat thickness were 
chosen as measures of fatness. Percent of fat cuts refers 
to the total weight of the fatback, clear plate, leaf fat, 
and fat trimmings, expressed as a percentage of the warm 
carcass weight. Average backfat thickness refers to the 
average of the five backfat measurements. For analyzing 
the first two-yearsT data the average backfat thickness 
was converted to inches. 
There is some automatic negative association among the 
carcass traits which are expressed as a percentage of the 
warm carcass weight. For example, when the percent of fat 
cuts increases then, of necessity, one or more of the other 
percentages must decrease. 
Length of carcass was included because of its use in 
federal grading and in swine evaluation programs. 
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AHALYSIS OF DATA 
Method of Least Squares 
The constants for the effects of mating systems, breeds 
within purebreds, and topcrosses within crossbreds, on per­
formance are of primary interest in this study. Before 
these constants can be compared, the influence of certain 
other sources of variation such as the effects of farms, 
years, sexes, and warm carcass weight must be eliminated or 
controlled so they do not bias the estimates of those ef­
fects which are of primary importance. 
In the present data the number of observations in the 
various subclasses are disproportionate and many cells are 
empty. In addition, the effects of breed and topcross group 
are partially confounded with farms. The non-orthogonality 
in the data presents certain difficulties in the statistical 
analysis. Firstly, the marginal means may give biased esti­
mates of the effects. Secondly, the conventional analysis 
of variance does not give an appropriate mean square for 
testing hypotheses. These objections can be minimized by 
using the least squares method of estimation. The theory of 
least squares for estimation in a multiple classification 
with disproportionate subclass frequencies has been described 
by Yates (1934) and others. Further applications of the pro­
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cedure of least squares as it applies to similar data have 
been discussed in detail by Hazel (1946), Henderson (1948) 
and Koch (1950), and will not be included here. 
In the method of least squares the first step is to 
set up a linear model in terms of the biological parameters 
which influence the individual observations. Then estimates 
of these parameters are calculated with the restriction that 
the sum of squares of the deviations of the individual ob­
servations from this model is a minimum. The deviations are 
assumed to be independently distributed with mean = 0 and 
variance % de. For the tests of significance to be entirely 
valid the errors should be normally distributed, although 
ordinary departures from normality disturb the tests very 
little. 
Mathematical Models for 1950 and 1951 Data 
The following linear model was chosen for litter traits. 
Thijkl= u+fh+ ai4" blk+t2k+ c(xhijkl " ehijkl 
Where: h = 1, 2, ...., 25 
i = 1, 2 
j = 1 for purebreds and 2 for crossbreds 
k  =  1 ,  2 ,  5 ,  4 ,  w h e n  j  =  1 ,  a n d  1 ,  2 ,  . 7  
when j s 2. 
Yhijkl = the weaning weight (or number weaned) of the l^b 
litter in the k^h breeding groupA from the jth 
type of mating system, on the i^-°- year and on the 
h>h farm. 
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2hiik:l = number of pigs farrowed in the l*11 litter, k^ 
J breeding group, j type of mating system, it& 
year, and h^^- farm. 
x = mean number of pigs farrowed per litter. 
c = partial regression of weaning weight (or number 
weaned) on the number of pigs farrowed, with 
farms, years, mating systems, breeds, and top-
crosses held constant. 
The fh, a^, m., b^, t^, are all constants such that 2_f^ = 
fai = =^blk = %k = 0. 
The constant u is the effect common to all litters. 
It is the mean of the population specified by the model and 
by the definitions of the parameters. 
The f, is an effect common to all litters on the h*^ h 
farm. This effect includes whatever environmental differ­
ences in climate, management, or feeding exist from farm to 
farm. It also contains such average genetic differences 
from farm to farm as are not included in the breed and line 
effects. Farm differences are partially confounded with 
breed differences and with line differences because compari­
sons among breeds and among lines must be made, with few ex­
ceptions, across farms. 
The a^ is an effect common to all litters born in the 
ith year. This effect includes all the average environmental 
and genetic differences between years. The effect of year 
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does not include any farm, by year interactions. These in­
teractions are almost certain to be real because the differ­
ent farms change their management or other circumstances in 
different ways from one year to another. 
The m. is the effect common to the mating system. 
It is a measure of the average genetic difference between 
mating systems. It would also include any environmental dif­
ferences that resulted from treating pigs of the two mating 
systems differently on the same farm, if this had happened. 
The b-y^ is an effect common to litters of the k**1 breed 
of purebreds. The effect includes the genetic differences 
between breeds plus any environmental differences between 
breeds. It would include those farm differences that are 
confounded with the breed effect. Farms 1 and 29 are the 
only farms which have more than one breed represented. 
The t„, is an effect common to all litters of the k**1 
2k 
topcross group. This effect measures genetic differences 
between topcross groups, plus the effects of any average 
environmental differences in nutrition, management, and gen­
eral environment among topcross groups, plus those farm ef­
fects which are confounded with the topcross effect. For 
example, the comparison of Landrace-Poland China topcrosses 
with the Landrace topcrosses includes the Landrace-Poland 
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China effect plus average farm, effects (peculiar to the 
farms where Landrace-Po land Chinas were kept and not re­
moved by fitting constants for farms) as contrasted with the 
sum of the Landrace effect plus the average farm effect com­
mon to the Landrace. 
The c is the regression of the litter trait on number 
farrowed. Since all the litters were out of purebred gilts, 
the number of pigs farrowed is primarily a reflection of 
the factors, accidental or otherwise, associated with each 
particular mother. Differences in number of pigs farrowed 
are not likely to be associated with mating systems or kinds 
of topcrosses; hence, they act as random errors which enhance 
the sampling error of the main factors under study. If 
size of litter at birth is associated with later performance, 
this source of error will be reduced by including c in the 
model. The constants for the effects of mating systems, 
breeds, and topcrosses on number weaned with c in the model 
reflect differences in number weaned independent of number 
farrowed. Therefore, they measure viability. The constants 
for weaning weight of the litter with c in the model will be 
a measure of both viability from birth to weaning and growth 
rate independent of number farrowed. 
The e^ijkl effect is the difference between the actual 
56 
measurement for a particular trait of the hijkl^b litter 
and the measurement expected as the sum of the u, fj,, a^, 
m j, b-jjç, tg^-, and effects pertaining to a par­
ticular litterTs classification. This includes any effects 
not considered in the model and all accidental or unknown 
factors which act as errors of measurement. 
For feedlot traits the observations on the individual 
pigs were used as the primary observations. The following 
linear model was chosen for feedlot traits. 
Yhijk£m = u+fh+ ai + sj + mk + b14 t Hi + ehijklm 
where 
h — 1, 2, •••j 26 
i = 1, 2 
j  = 1 , 2  
k = 1, 2 
JL ; 1, 2, ., 4 when k = 1 and 1, 2, ..., 7 when k - 2 
Yhijk/m = the weight at 140 days (or average daily gain) of 
the m^*1 pig, in the i^ breeding group, kt'il type of mating 
system, of the j^h sex, in the ittL year, and on the h^ 
farm. 
The u, farm, year, sex, mating system, breed, and top-
cross effects are as described under the previous model ex­
cept that they apply to observations on the individual pigs, 
rather than on the litter as a unit. 
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The Sj is an effect common to all pigs of the sex. 
The "*"s t3ie samPl*nS error for the m*11 pig of 
the hijkl^ subclass. It includes the effect of litters 
since a constant for litters was not included in this model. 
The model for carcass traits is identical with the one 
for feedlot traits except an additional constant was fitted 
for the linear regression of carcass traits on warm carcass 
weight. 
The model chosen for carcass traits does not contain a 
constant for packing plant. This source of variation might 
be important for such carcass traits as percent lean cuts, 
percent bacon, and percent fat cuts. These traits can be 
affected by differences in trimming and methods of cutting 
that might differ from plant to plant. To keep such errors 
at a minimum the cutting was supervised by meats specialists 
from the U.S.D.A. and the Pennsylvania station. The effect 
of packing plants was ignored because it could not be esti­
mated with any reliability. 
Neglecting the effect of packing plants may lead to a 
bias in estimating the other effects unless the ignored ef­
fect is randomly distributed over the other sources of vari­
ation. If the ignored variable is correlated with one of 
the other variables, then the effect estimated for the other 
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variable will include a portion of those effects which be­
long to the ignored variable. The size of that portion will 
depend upon the magnitude of the ignored source and upon the 
degree to which the distribution is not random. 
The models for litter, feedlot, and carcass traits gave 
rise to three sets of normal equations. To obtain unique 
solutions these equations were reduced to the number of in­
dependent equations by subtracting, in each, equation, the 
coefficient of one constant of the set from the coefficients 
of each of the other constants of the set. Then the equa­
tion of the subtracted constant was subtracted from each of 
the other equations of the set. The direct solutions of the 
equations for number weaned and weaning weight were obtained 
by the author. The direct and inverse solutions of these 
three sets of normal equations were obtained later by the 
Biometrical Services, AES, Agricultural Research Center, 
Beltsville, Maryland. This provided a check on the cal­
culations. 
Tests of Significance 
In order to test the significance of the parameters 
obtained by the least squares method of estimation the total 
sum of squares must be partitioned into the amounts due to 
each of the effects. The total reduction in sum of squares 
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due to fitting all constants was obtained by multiplying 
the right-hand side of the equation by the constant for that 
equation and by summing the products over all equations. 
For example, for litter traits in 1950 and 1951, the 
total sum of squares attributable to the fitted constants is 
R (u, fh, a±, mj, blk, t2k, c) = uy.... 
+$fhYh* * * Y* • j • + ^bikY*e Ik 
+





The total reduction in the sum of squares due to fit­
ting all constants contains the variance due to the effects 
of the parameters plus any covariance between these para­
meters which may have been caused by disproportionate sub­
class numbers. 
The additional reduction due to each variable is the 
total reduction with all variables included, minus the re­
duction obtained when that particular variable was ignored. 
For example, the additional reduction due to regression of 
number weaned on number farrowed is R(c) = R(u, f^ , a , 
mk» bik» t2k' - K(u, als mj, blk, t2k). This ad­
ditional reduction is not a full measure of the effect of 
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each variable such that the importance of the variables 
could be compared with each other by examining these re­
ductions. This will be explained on the next page. 
The additional reductions due to each independent var­
iable were obtained by the matrix multiplication procedure 
where the inverse of the corresponding subset of inverse 
elements was multiplied by the constant squared matrix. For 
example, a sum of squares for "farms" was obtained by first 
obtaining the inverse of the subset of inverse elements from 
the variance-covariance matrix inverse which were included 
in the square section for the rows and columns for farms. 
A matrix of the constants for farms was then calculated by 
squaring the expression f, +-f + f4-...f. _, where the f Ts 
J- 2 h-l 
refer to the constants for all farms except the h^ *1 one. 




where the refers to the "sub" inverse elements. 
This procedure was carried through for each independent 
variable to obtain the additional reduction in sum of squares 
due to each variable. Except for rounding errors these re­
ductions are the same as the ones obtained by subtraction. 
The additional reduction in the sum of squares due to 
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fitting a particular classification consists of that portion 
of the variance attributable to one classification over and 
beyond what the other classifications would have removed if 
they alone had been fitted. It contains none of the vari­
ance which can be attributed to the direct or joint effects, 
as defined by Wright (1921), of other classifications. If 
correlations between the individual classifications exist, 
the sum of the individual reductions can be either less or 
greater than the total reduction due to fitting all constants 
simultaneously. When correlations between the classifica­
tions exist the additional reduction in the sum of squares 
for the classifications will be smaller than the direct ef­
fects. If the correlations between the independent varia­
bles are zero then the additional reduction and direct re­
duction are the same. 
Tests of significance using the additional reductions 
are not tests of the entire variance contributed by a par­
ticular classification, but are tests only of those effects 
which are independent of the effects of other classifications. 
62 
RESULTS AND DISCUSSION 
Purebred and Topcross Performance 
in 1950 and 1951 
Number weaned and weaning weight 
There were 461 litters available for this part of the 
study. The number of litters weaned in 1950 and 1951 for 
each of the major classifications is presented in Tables 
3 and 4. 
The average number of pigs farrowed, percent survival 
from birth to weaning, average number of pigs at weaning, 
and average weight of the litters at weaning are given for 
the major classifications in Table 6. The differences in 
number farrowed are small for mating systems and topcrosses. 
Litter size is primarily a function of the breeding of the 
dam and not that of the offspring (Wright, 1922b). Since 
the crossbred litters and the purebred litters are out of 
gilts of similar breeding, no difference between the mating 
systems would be expected. 
The averages for number farrowed and number weaned in 
Table 6 contain farm differences, but the figures for breeds 
agree quite closely with those reported in the literature. 
The Chester Whites had the most pigs at farrowing and weaning 
and the Poland Chinas had the fewest. Lush and Molln (1942) 
Table 6. Group averages by years, mating systems, breeds and. topcrosses for 
litter traits in 1950 and 1951 
Classification No, of No. far- No. Percent Weaning wt, 
litters rowed9 weaned survival of litter 
Years 
1950 240 8.0 5.9 74 158 
1951 221 7.5 5.5 73 146 
Mating Systems 
7.8 Purebreds 224 5.7 73 141 
Grossbreds 237 7.7 5.7 74 163 
Breeds within purebreds 
7.8 5.8 Berkshire 57 75 137 
Hampshire 54 8.2 M 66 134 Chester White 53 8.6 6.6 76 161 
Poland China y 60 6.7 4.9 73 132 
Topcrosses within orossbreds 
LLB 33 7.9 5.6 70 137 
L 32 7.7 5.9 77 184 
LD 31 8.0 6o0 75 167 
IPC 35 7,5 5.4 71 150 
LDH 34 8.2 5.5 67 152 
YDLH 37 7.3 5.9 82 190 
LOW 35 7.3 5.6 78 160 
Overall means 7.7 5.7 73 152 
aAverage number of pigs at birth for litters with information at weaning. 
G^rouped by line of sire. 
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reported that, among the four breeds represented in this 
study, the Chester Whites had the most pigs at birth with 
Poland Chinas the least. For number at weaning they found 
that the Hampshire had the most pigs, with Chester Whites, 
Berkshires, and Poland Chinas following in that order. 
Bradford et al. (1953) found that Chester White sows far­
rowed more pigs than Poland China sows. 
The constants derived from the least squares analysis 
are presented in Table 7 and the analysis of variance for 
number weaned and for the weaning weight of the litter is 
presented in Table 8. These constants in Table 7 were cal­
culated as deviations from a mean and will sum to zero over 
each classification. The constants for breeds are expressed 
as deviations from the mean for purebreds, and the constants 
for topcrosses are given as deviations from the mean for 
topcrosses. In order to compare a particular breed with a 
particular topcross group, the mating system constants would 
have to be considered. 
The differences between years for number weaned and for 
the weaning weight of the litter were small and nonsignifi­
cant. Differences between farms were large and highly sig­
nificant for both number weaned and weaning weight. 
The crossbred litters had 0.14 more pigs at weaning 
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Table 7* Constants for number of pigs per litter at wean­
ing and total weaning weight of litter in 1950 
and 1951 
Weaning 
Constants ÎTo. weight of 
weaned litter 
Tears 
1950 .05 ±0.10 3.1 ±3.1 
1951 -.05 +0.10 -3.1 ±3.1 
Mating systems 
-12.8 ±2.8 Purebreds -.07 to.09 
Crossbreds .07 +0.09 12.8 ±2.8 
Breeds within purebreds 
Berkshire .18 +0.29 4.0 ±9.0 
Hampshire -.68 Î0.31 -23.0 ±9.7 
Chester White .77 ±0.29 21.3 ±9.1 
Poland China 
-.27 ±0.28 -2.3 ±8.9 
Topcrosses within crossbreds3 
LLB -.26 +0.35 
-17.3 ±11.0 
L -.42 ±0.37 —8.1 +11.7 
LD 
-.12 ±0.37 -3.7 +11.6 
LPC 
.17 ±0.33 -1.9 ±10.5 
IDE -.24 ±0.36 -4.9 ±11.4 
YDLH .25 ±0.33 17.8 +10 0 3 
LCW .63 ±0.34 18.1 j-10.6 
Regression on no. farrowed .68 +0.04 14.7 ±1.23 
Overall means 5.76 153.1 
9Grouped by line of sire. 
than the purebreds even though there was no difference in 
number farrowed. This difference was not significant. 
Durham et al. (1952) found small but non-significant differ­
ences in favor of the nontopcrossed litters for number far­
rowed, number weaned, and viability from birth to 154 days 
of age. 
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Table 8. Analysis of variance for number weaned and for 
weaning weight of litter in 1950 and 1951 
Source of 
variation df 
Sums of sauares Mean squares 
No. weaned Wean. wt. No. weaned T>" -Tean. wt. 
Total 460 3097.39 2,661,055 
Total reduc­
tion3 36 1568.75 1,157,742 
Additional 
reduction 
due to : 
Farms 24 295.72 397,289 12.32** 16,554** 
Years 1 1.10 3,355 1.10 5,355 
Mating 
73,579** systems 1 2.12 73,579 2.12 
Breeds 3 35.40 29,469 11.80* 9,823* 
Topcrosses6 21.78 30,329 3.63 5,055 
Regres­
1075.06 1075.06** 503,324** sion^  1 503,324 
Error 424 1528.64 1,503,313 3.61 3,546 
aFarms, years, mating systems, breeds, topcrosses, 
and regressions. 
R^egression of number weaned (or weaning weight) on 
number farrowed. 
*P .05 in this and all following tables. 
**P"é.oi in this and all following tables. 
The crossbred litters were 25.6 pounds heavier at wean­
ing than the purebred litters. This difference is highly 
significant and is a result of a slight difference in sur­
vival from birth to weaning and of the faster growth of the 
crossbred pigs. Durham et al. (1952) did not report on 
weaning weight of topcross litters as compared with nontop-
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crosses, but their results indicate that the topcross pigs 
were slightly heavier at weaning. 
There was a significant difference between breeds in 
number weaned and weaning weights independent of differences 
in number farrowed* The Chester White litters had the best 
survival and the Hampshire the poorest. The differences be­
tween the breeds in weaning weights of the litters are large­
ly explained by the differential survival of the pigs from 
birth to weaning. The differences between topcross groups 
for number weaned and for the weaning weight of the litter 
independent of number farrowed were not significant. 
The regression of number weaned on number farrowed was 
.68. This represents the increase in the number of pigs 
weaned for each increase of one pig in number farrowed. The 
regression of the litters weaning weight on number farrowed 
was 14.7 pounds. This represents the increase in litter 
weight at weaning for each additional pig farrowed. 
Daily gain and 140-day weight 
Records on 1051 pigs from 367 litters were available 
for this part of the analysis. Table 9 gives the number of 
pigs and the means for 140-day weight and for daily gain 
from weaning to slaughter, for each major classification. 
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Table 9. Group averages by years, sexes, mating systems, 
breeds and topcrosses for 140-day weight and for 
daily gain in 1950 and 1951 
140-day Daily 
No. of weight gain 
























512 122 1.28 
539 122 1.27 
449 118 1.24 
602 125 1.30 
489 112 1.21 
562 131 1.34 
141 112 1.20 
98 105 1.17 
126 110 1.20 
124 119 1.25 
16 127 1.30 
57 137 1.33 
93 124 1.29 
91 129 1.33 
86 130 1.37 
71 144 1.44 
88 130 1.33 
1051 
122 1.28 
aGrouped by line of sire. 
Constants were fitted for farms, years, sexes, mating 
systems, breeds within purebreds, and topcrosses within 
crossbreds. These constants are presented in Table 10. The 
constants for years, sexes and mating systems are given as 
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Table 10. Constants for 140-day weight and for daily 
gain in 1950 and 1951 
140-day Daily 
weight gain 
Constants (lbs.) (lbSo) 
Tears 
1950 2.4 ±0.7 .03 t. 006 
1951 -2.4 ±0.7 -.03 ±.oo6 
Sexes 
Gilts 
-2.7 ±0.6 -.03 ±. 00 6 
Barrows 2.7 10.6 .03 ±.005 
Mating systems 
Purebreds -10.2 ±0.6 —.07 1.005 
Crossbreds 10.2 ±0.6 .07 ±.005 
Breeds within purebreds 
Berkshire 1.6 ±1.9 -.01 +.016 
Hampshire 
-5.4 ±2.3 -.03 1.020 
Chester White 5.5 ±2.0 .02 ±.017 
Poland China 
.5 ±2.0 .02 ±.017 
Topcrosses within crossbreds3 
HS 
-3.1 ±2.5 —*01 +.021 
L -2.4 ±3.0 -.01 ±.026 
LD -5.0 ±2.4 -.05 ±.020 
LPC 
-3.9 ±2.2 -.04 ±.018 
LDE 7.1 ±2.4 .06 ±.020 
TDLH 9.2 ±2.5 .08 ±.021 
LOW 
-1.9 ±2.2 —*03 ±.019 
Overall means 120.7 1.27 
aGrouped by line of sire. 
deviations from the general mean. The constants for breeds 
are deviations from the average for all purebreds and the 
constants for topcrosses are expressed as deviations from 
the mean for crossbreds. To compare the 140-day weight of 
LPC topcross group with the 140-day weight of the Chester 
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h^ite breed the 20.4 pounds representing the difference be­
tween the crossbreds and the purebreds should be taken into 
account (-3.9 + 10.2 for LPC and 3.5 - 10.2 for Chester Whites). 
The analyses of variance for 140-day weight and for 
daily gain are presented in Table 11. Since more than one 
litter was usually represented in each subclass the residual 
mean square is a little smaller than the correct error term 
for testing the significance of the main effects. The error 
term that was used to test the additional reductions in 
Table 11 was the mean square between litters within sub­
classes after the data had been adjusted to zero differences 
between the sexes. The data were adjusted for sex differ­
ences by using the constants for sex in Table 10. 
Differences between farms and between years were highly 
significant both for daily gain and for 140-day weight. 
The barrows were 5*4 pounds heavier at 140 days of age 
and gained 0.06 pounds more per day than the gilts. These 
differences were highly significant and substantiate those 
reported by Russell (1930), Whatley (1942), Ashton and 
Crampton (1943), Comstock et al. (1944), Cobb (1952), Fredeen 
(1952) and Anderson (1954). Although none of these workers 
studied weights at exactly 140 days, the sex differences 
agree closely with those found at 154 and 180 days of age. 
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Table 11. Analysis of variance for 140-day weight and for 
daily gain in 1950 and 1951 
Source of 
variation df 







Total reduction3 37 
Additional re­










































268 114,803 8.75 428 .03 
a. 
Farms, years, sexes, mating systems, breeds and 
topcrosses. 
A^djusted to zero difference between the sexes. 
**?£ .01. 
The crossbred pigs were 20.4 pounds heavier at 140 
days of age and gained 0.14 pounds more per day than the 
purebreds. These differences were highly significant. 
Durham et al. (1952) found small but non-significant dif­
ferences in favor of topcross pigs over non-topeross pigs, 
in weight at 154 days of age and in rate of gain from 56 
to 154 days of age. Hazel et al. (1948) reported only a 
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one-pound advantage in 154-day weight for Poland China 
topcrosses, but they did find a 12-pound advantage of the 
Landrace topcrosses over the purebreds. However, their com­
parisons were between different kinds of crossbreds and 
therefore excluded the average heterosis expected from 
crossing breeds. 
The differences between the breeds in pig weight at 
140 days of age and in daily gain are small and non-signifi­
cant. Differences between the topcross groups in 140-day 
weight and daily gain were significant. The two best top-
cross groups in feedlot performance were the YDLH and LDE 
groups. 
Hazel et al. (1948) found that Landrace topcrosses 
were superior to Poland China topcrosses in 154-day weight# 
Durham et al. (1952), on the basis of a significant inter­
action between line and mating system, suggested that there 
was a differential performance among the lines for gain 
from weaning to 154 days and for 154-day weight. They 
found a highly significant difference between the four 
faster gaining lines and the four slower gaining lines. 
Carcass characteristics 
Records on 959 pigs from 345 litters were available 
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for this phase of the analysis. The number of pigs and the 
means for the carcass traits are presented in Table 12. 
Constants were fitted for farms, years, sexes, mating 
systems, breeds within purebreds, topcrosses within cross­
breds, and the regression of carcass traits on warm carcass 
weight. These constants are presented in Tables 13 and 14. 
The analysis of variance for carcass traits is in Table 15. 
The differences between farms are highly significant 
for all carcass traits. The differences between years are 
large enough to be significant or highly significant for 
percent of lean cuts, percent of fat cuts, and percent of 
bacon. The difference between years for length of carcass 
and for average backfat thickness were not significant. 
Techniques for measuring percent of lean cuts, percent of 
fat cuts, and percent of bacon are more difficult to stand­
ardize than are those for length of carcass and backfat 
thickness. A change in the trimming of the cuts from one 
year to another would affect the yields and would not af­
fect the length of carcass or average backfat measurements. 
The constants for the effect of sex on carcass per­
formance in Table 13 are similar to those reported by Cobb 
(1952), Fredeen (1953), and Anderson (1954). Barrows were 
9.2 mm. shorter and had 1.4b percentage points less lean 
Table 12» Group averages by years, sexes, mating systems, breeds, and toporosses 
for six oaroass traits in 1950 and 1951 
Warm Length % % * % 
Average 
No. of oaroass of oar­• lean fat baokfat 
Classification pigs weight oass outs® baoon outs8 thickness 
(lbs.) (mms.) (inches) 
Years 
466 1950 173 754 45.2 13.7 19.1 1.57 
1951 495 172 754 45.8 12 0 9 19.0 1.57 
Sexes 
396 46.4 18.5 gilts 170 757 12.8 1.51 
barrows 565 175 752 44.9 13.6 19.6 1.61 
Mating systems 
18.9 purebreds 454 171 742 45.7 13.1 1.55 
orossbreds 505 175 765 45.3 13.4 19.2 1.59 
Breeds within purebreds 
168 766 46.6 Berkshire 131 13.4 17.8 1.47 
Hampshire 97 173 744 45.0 12.9 20.0 1.61 
Chester White 80 166 729 43.9 12.8 21.1 1.73 
Poland China 146 175 726 46.5 13.3 17.9 1.49 
Toporosses within orossbredsb 
LIB 53 184 774 44.9 13.2 19.9 1.63 
L 58 167 756 44.5 12.7 20.5 1.5? 
LD 97 173 773 45.2 13.7 19.4 1.56 
LPC 81 175 764 46.5 13.7 18.0 1.51 
LDH 51 182 781 45.3 13.8 19.5 1.63 
YDLH 71 170 761 45.1 13.0 18.9 1.62 
LOW 94 175 753 45.5 13.3 18.7 1.60 
Overall mean 959 173 754 45.5 13.3 19.0 1.57 
aBased on warm oaroass weights with head on. 
G^rouped by line of sire. 
Table 13. Constants for the effects of years, sexes, and warm carcass weight 
on carcass traits 
Average 
Length backfat 
of oaroass % lean % % fat thickness 
Constants (rnms.) outs bacon outs (inches) 
1950 —0.6 ±.7 -.47 ±.06 .41 ±.04 .17 ±.06 -  *  
1951 0.6 ±.7 .47 *.06 -.41 *.04 -.17 ±.06 • 
Sexes 
±.06 Gilts 4.6 ±.7 
.72 ±.06 -.36 — » 04 -.57 - *  
Barrows —4.6 t.7 
-.73 &.06 .36 ±.04 .57 ±.06 # 
Regression on warm 
.06 oaroass wt. 1.0 ±.02 
-
d" O
 I ±.002 .01 ±.001 ±.00) # 
Overall means 754.7 45.45 13 
CO CJ 




Table 14, Constants for the effects of mating systems, breeds and topcrosses 






























•10.8 ±.7 .06 +.06 
10.8  jh.  7  - .06  +.06  
23.9 ±2.1 
- 6 . 8  ± 2 . 5  







.44 ±.17 .30 ±.11 
-.70 
.18 ±.20 .02 ±.12 .19 
-1.57 ±.19 -.02 ±.12 1.82 
.95 ±.17 -.30 ±.10 -I.31 
-.17 ±.25 -.64 ±.15 .23 
-1.01 ±.24 
-.07 ±.15 1.66 
-.18 ±.20 .74 ±.12 .16 
1.50 ±.20 .29 ±.12 -1.48 
-.40 ±.25 
-.25 ±.12 .39 
-.24 ±.21 .12 ±.15 -.07 
.50 ±.19 
-.19 ±.12 -.89 





.08 +.04 .09 +.06 
.08 +.04 -.09 +.06 
± . 1 8  
± . 2 2  
±.20 





± . 2 6  
± . 2 2  
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1 .58  
G^rouped by line of sire 
Table 15. Analysis of variance for oaroass traits 1950 and 1951 
Sum of squares 
Percent Percent Percent Length of Average 
Source of variation df lean outs fat cuts baoon oaroass backfat 
(mms. ) (lbs.) 
Total 958 5827.33 7577.32 2684.80 1,330,500 64.000 
Total reduction® 33 3161.09 4606.74 1707.12 935,849 44,041 
Additional reduction 
due to: 
Farms 20 459.77 774.13 1206.28 129,009 6,405 
Years 1 166.34 21.49 127.66 256 .004 
Sexes 1 445.78 275.43 111.53 18,021 1.252 
Mating systems 1 3.45 7.65 4.99 98,492 .025 
Breeds 3 226.22 363.97 14.55 56,094 2.423 
Topcrosses 6 207.55 300.99 63.57 18,854 2.022 
Regression" 
967.25 1805.64 (oaroass wt.) 1 82.91 493,196 25.274 
Between litters 




Farms 20 22.99** 38.71** 60.31** 6450** .320** 
Years 1 166.34** 21.49* 127.66** 256 .004 
Sexes 1 445.78** 275.43** 111.53** 18021** 1.252** 
aFarms, years, sires, mating systems, breeds, topcrosses and regressions. 
R^egression of oaroass trait on warm oaroass weight. 
A^djusted to zero difference between the sexes,and to zero difference in 
warm carcass weight. 
Tabla 15. (continued) 
Mean squares 
Percent Percent Percent Length of Average 
Source of variation df lean cuts fat outs baoon oaroass backfat 
(rams.) (lbs.) 



























cuts, 0.72 percentage points less of bacon, 1.14 percentage 
points more fat cuts, and 0.08 inches more backfat than the 
gilts. 
The regressions of carcass traits on warm carcass weight 
in Table 13 are highly significant. They indicate that each 
ten-pound increase in warm carcass weight resulted in ten 
mms. increase in length of carcass, 0.4 decrease in percent 
of lean cuts, 0.1 increase in percent of bacon, 0.6 increase 
in percent of fat cuts, and 0.1 inch increase in average back­
fat thickness. 
The constant for the regression of length of carcass on 
warm carcass weight corresponds closely to the findings of 
Hammond and Murray (1937), Stothart (1938), Fredeen (1952), 
and Anderson (1954). The constant for backfat thickness 
agrees with the findings of Hammond and Murray (1937), 
Stothart (1938), and Fredeen (1952) but is smaller than the 
O.36 inches for each ten-pound increase in cold carcass 
weight that was reported by Anderson (1954). 
The constants for the regression of percent of fat cuts 
and percent of lean cuts on warm carcass weight are smaller 
than those reported by Anderson (1954), who found values of 
1.10 for percent of fat cuts and -1.46 for percent of lean 
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cuts for each ten-pound change in cold carcass weight. 
The carcasses from the crossbreds were 21.6 mms. longer 
and had 0.12 percentage points less of lean cuts, 0.16 per­
centage points more of bacon, and 0.18 percentage points less 
of fat cuts. The crossbreds had 0.02 inches less backfat 
than the purebreds. 
Table 15 indicates that the differences between mating 
systems for percent of lean cuts, percent of fat cuts, per­
cent of bacon, and average backfat thickness were not sig­
nificant. The differences of 21.6 mms. in length of carcass 
for crossbred over purebred was significant. 
Differences between breeds were large enough to be sig­
nificant or highly significant for all carcass traits. The 
carcasses from the Poland China pigs had the highest per­
cent of lean cuts, the lowest percent of fat cuts, and the 
thinnest backfat. The carcasses from the Chester Whites 
were the least desirable as indicated by the largest per­
cent of fat cuts and the thickest backfat. They had 1.75 
percentage points less of lean cuts than the next closest 
breed. These findings for breed differences agree with 
the reports of other workers. Munson (1957) reported on 
pigs fed out at the Iowa Swine Testing Station. Chester 
White pigs were the fattest and had the smallest percent of 
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lean cuts with little difference between the Hampshire, 
Berkshire, and Poland Chinas. Willman and Krider ( 194-3) 
found that Berkshire carcasses were leaner than those from 
Chester Whites. 
The differences between the topcross groups were highly 
significant for all carcass traits. These constants for 
effect of topcross groups on carcass traits may have con­
tained some farm effects which could not be removed. The 
importance of these farm effects is not known but they should 
not be large unless by chance some lines tended to be located 
on farms below average in production and other lines tended 
to be located on farms above average in production. Since 
the lines were allotted to the farms at random, any bias 
due to farm effects was unintentional. 
Performance of Purebred and 
Topcross Gilts as Mothers 
Number farrowed 
There were 110 litters from purebred, backcross, and 
three-strain cross matings available for this part of the 
analysis. The distribution of the litters by farm and 
mating system in 1953 is presented in Table 16. 
Constants were fitted for the effects of mating systems 
and farms on number farrowed. The means for average number 
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Table lé. Distribution of litters by farms and. mating 




Totals 1 3 10 13 18 20 22 25 
Purebreds 1 6 6 5 4 5 3 6 36 
Backcross 4 6 5 0 6 5 4 6 36 
Three strain 
cross 5 5 5 5 9 5 0 4 38 
Total 10 17 16 10 19 15 7 16 110 
farrowed by farm and mating system are given in Table 17. 
The backcross and three-strain cross litters were 2.4 and 
1.9 pigs larger at farrowing than the purebred litters. 
The difference of one-half pig in number farrowed between 
the backcross and three-strain cross litters is small rel­
ative to the superiority of both groups over the purebreds. 
Since these two groups of litters are out of gilts of sim­
ilar breeding the difference in number farrowed would not 
be expected to be real unless the boar had a direct influence 
on the size of the litters. 
The analysis of variance for number farrowed in 1953 
is given in Table 18. The difference in number farrowed be­
tween mating systems was highly significant. The mean 
squares for farm and for farm by mating system interaction 
were not significant. 
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Obtained by fitting constants. 
Table 18. Analysis of variance for number farrowed in 1953 
Source of Sum of Mean 
variation df squares squares 
Total 109 659.4 
Total reduction (farms and 
mating systems) 9 207.0 
Farms3 7 62.6 8.9 _ 
Mating systems8 2 113.4 56.7** 
Farm % mating system 12 66.0 5.5 
Within farms and mating 
386.4 systems 88 4.4 
A^djusted for disproportional subclass number. 
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The differences in number farrowed as between topcross 
and nontopcross gilts agree with the highly significant 
difference of 1.16 pigs reported by Durham et al. (1952). 
Similarly, Winters et al. (1955), Lush et al. (1939), and 
Gaines (1957) found that crossbred sows farrowed more pigs 
than purebred sows. 
Number weaned and weaning weight 
There were 88 litters with information at weaning. 
The distribution of these litters by farm and mating sys­
tem is given in Table 19. 
Constants were fitted for farms and mating systems. 
The means for number weaned and for weaning weight of the 
litter are presented in Table 20. The purebred litters 
were 2.7 and 2.5 pigs smaller at weaning than the backcross 
and the three-strain cross litters. Backcross litters were 
0.2 pig larger than the three-strain cross litters. The 
differences in.number weaned are determined by the number 
farrowed and the survival from birth to weaning. The average 
survival from birth to weaning was 77 percent. The percent 
survival for purebred, backcross, and three-strain cross 
pigs was 70, 80, and 82 percent, respectively. The differ­
ences in number weaned, independent of number farrowed, 
were 0.6 and 0.9 pigs in favor of the backcross and three-
strain cross litters over the purebred litters. These dif-
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Table 19. Distribution of litters by farm and mating 
system for number weaned and for weaning weight 
of the litter in 1953 
Farms 
Mating systems 1 3 10 13 18 22 25 Totals 
Purebreds 1 6 6 5 4 2 5 29 
Backcross 4 6 5 0 6 4 6 31 
Three-strain 
cross 5 5 5 4 5 0 4 28 
Total 10 17 16 9 15 6 15 88 
Table 20. Group average for number weaned and for weaning 
weight of the litter in 1953 
No. No. No. Weaning Weaning wt. 
lit- wean- weaned wt. of of litter 
Classifica- ters ed (adjus- litter (adjusted)3 
tion ted)3. 
Farms 
1 10 6.3 5.7 136 108 
3 17 8.5 255 258 
10 16 7.8 7.9 224 229 
13 9 6.2 6.9 172 194 
18 15 7.1 7.0 209 202 
22 6 6.3 6.3 143 147 
25 15 7.1 7.1 223 224 
Mating systems 
138 118 Purebreds 29 5.7 5.3 
Backcrosses 31 8.2 8.0 234 239 
Three-strain 247 226 
cross 28 7.9 7.8 
88 
Overall means 7.3 7.0 206 195 
a0btained by fitting constants 
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ferences reflect the average differences among the mating 
systems in percent survival. The purebred litters were 121 
and 108 pounds lighter, respectively, at weaning than the 
backcross and three-strain cross litters. These differ­
ences are a function of number farrowed, percent survival, 
and the individual weight of the pigs. When the effect 
of number farrowed is removed the backcross and three-strain 
cross litters were 65 and 88 pounds heavier than the pure­
bred litters. These differences reflect primarily the dif­
ferences in survival and growth rate of the pigs. The dif­
ferences between the backcross and three-strain cross lit­
ters were small, but the differences in number weaned and 
in weaning weight independent of number farrowed, indicate a 
slight advantage in percent survival from birth to weaning 
and in growth for the three-strain cross litters over the 
backcross litters. 
The analysis of variance for number weaned and for 
weaning weight is presented in Table 21. The mean squares 
for mating systems were highly significant for number 
weaned and for weaning weight. Farm differences were a 
highly significant source of variation for weaning weight 
but were not important for number weaned. The farm by 
mating system interaction was not significant for either 
weaning weight or for dumber weaned. 
The superiority of topcross gilts over purebred gilts 
for productivity in terms of number weaned and of weaning 
weight of the litters agree with the results of Durham et al. 
(1952). They found that litters from topcross gilts were 
1.08 pigs larger and weighed 37*2 pounds more at weaning. 
Gaines (1957) found that crossbred sows weaned 1.1 pigs 
more than the highest yielding purebred group. The pigs 
from the crossbred sows were about one pound heavier than 
the pigs from the purebred sows. 
Table 21. Analysis of variance for number weaned (Nw) 
and weaning weight of litter (Ww) in 1953 
Source of Sum of squares Mean squares 
variation df EFw Ww Nw Ww 
Total 87 





Farms*3 6 66.7 173,062 11.11 28,844** 
Mating systems13 2 124.4 242,400 62.20** 121,200** 
Farm x mating 
system 10 49.0 32,910 4.92 3,291 
Within farms & 
mating sys­
tems 69 388.9 320,099 5.64 4,639 
aFarms and mating systems. 
a^djusted for disproportional subclass numbers. 
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Performance of Purebred, Backcross, 
and Three-strain Cross Pigs 
Daily gain and 140-day weight 
There were 209 and 203 pigs with 140-day weights and 
daily gains for this part of the analysis. 
Constants were fitted for the effects of sexes, farms, 
and mating systems on 140-day weight and daily gain. The 
difference between the barrows and gilts was 0.8 pound in 
140-day weight and 0.02. pound in daily gain. Since these 
differences were so small, sex was ignored in the final 
analysis of the feedlot traits. 
Table 22 gives the means for 140-day weight and rate 
of gain for farms and mating systems. The superiority of 
the pigs from the crossbred sows agrees with the results of 
Lush et al. (1939), Winters et al.(1935), and Gaines (1957). 
The backcross and three-strain cross pigs were 18 and 19 
pounds heavier at 140 days and gained 0.09 and 0.08 pounds 
more per day respectively, than the purebreds. 
Table 23 gives the analysis of variance for 140-day 
weight and for daily gain. The mean squares for farms and 
mating systems were tested against the mean square between 
litters within farm and mating system. This gives an ap­
proximate test for the differences between farms and between 
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Table 22. Farm and mating system means for 140-day 
weight (W140) and average daily gain (G-) 
in 1953 
Class if i- Ho. ¥140 W140 No. G-
cation pigs (adjusted)8 pigs G (adjusted)8 
Farms 
1 23 108 102 22 1.25 1.22 
3 36 142 142 36 1.33 1.33 
10 33 94 93 31 1.00 1.00 
13 24 113 115 23 1.19 1.21 
18 36 112 112 36 1.13 1.13 
22 23 100 103 22 1.11 1.12 
25 34 133 133 33 1.32 1.32 
Mating systems 
68 106 64 1.18 Purebreds 102 1.13 
Backcrosses 71 119 120 71 1.22 1.22 
Three-strain 
crosses 




Overall means 114 1.20 1.19 
^Obtained by fitting constants. 
mating systems. Both farms and matings systems were im­
portant sources of variation for 140-day weight and for 
daily gain. The mating systems tended to perform the same 
from farm to farm as indicated by the nonsignificant mean 
squares for farm by mating system interaction. 
Carcass characteristics 
There were 139 carcasses available for this part of 
the analysis. The number of pigs and the means for each 
Table 23. Analysis of variance for 140-day weight and daily gain in 1953 
140-day weight Daily gain 














































aFarms and mating systems. 
A^djusted for disproportional subclass number. 
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classification are given in Table 24. 
The data were analyzed by the method of least squares. 
Constants were fitted for farms, mating systems, sexes, and 
the regression of carcass trait on warm carcass weight. 
Table 25 gives the constants for the effect of sex, mating 
system, and warm carcass weight on the carcass traits. 
The differences between barrows and gilts in Table 25 
agree with those presented by other workers and with the 
results of the first two years. The gilts had 2.26 mms. 
less backfat, 1.06 percentage points less of fat cuts, 1.12 
percentage points more of lean cuts, 0.34 percentage points 
less of ba-eon, and 12.8 mms. more length of carcass than 
the barrows. 
The regressions of carcass traits on warm carcass 
weight in Table 25 agree favorably with those in Table 13. 
Table 26 gives the analyses of variance for carcass traits. 
The mean squares for farms, sexes, mating systems, and the 
regressions of carcass traits on warm carcass weight .were 
tested against the mean squares between litters within 
subclass. The mean squares between litters within subclass 
were calculated from the data after adjustments had been 
made for sex differences and for differences in warm car­
cass weight. 
Table 24, Group averages for oaroass traits in 1952 
Number 
Classification of pigs 
Warm Length 
oaroass of oar- Percent 
weight oass lean 
(lbs.) (mms.) outs 
Average 
Percent backfat 
Percent fat thickness 
bacon outs (mms.) 
Farms £ u tua
1 17 163 730 44.8 13.1 21.5 39.9 
10 26 160 736 46.4 13.0 18.8 36.9 
13 21 160 716 45.9 13.3 19.4 38.1 
18 33 172 758 46.9 12.9 19.7 41.1 
22 17 154 723 42.9 12.7 23.5 41.3 
25 25 168 765 45.7 13.4 16.7 35.6 
Sexes 
Gilts 56 163 751 46.5 12.9 18.8 37.2 
Barrows 83 164 734 45.1 13.2 20.2 39.8 
Mating systems 
162 Purebreds 40 725 45.2 13.0 20.3 40.2 
Baokorosses 52 165 745 45.7 13.1 18.8 38.7 
Three-strain 
crosses 47 165 751 46.1 13.2 18.8 37.5 
129 
164 Overall means 741 45.7 13.1 19.6 38.8 
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carcass lean fat thickness 
(mms. ) cuts bacon cuts (mms. ) 
Mating systems 
-.58 —. 06 Purebreds -14.1 .72 1.59 
Backcrosses 2.0 .52 .03 -.37 -.78 
Three-strain 








Gilts 6.4 .53 -.17 -.56 -L13 
Barrows —6.4 
-.53 .17 .56 1.13 
Regression3 
.7 -.07 .02 .09 .23 
Overall means 139.3 45.42 13.14 19.96 38.95 
R^egression of carcass trait on warm carcass weight. 
Farm, differences were a highly significant source of 
variation for all of the carcass traits except percent of 
bacon. 
The differences in length of carcass between mating 
systems were highly significant. The carcasses from the 
backcross and three-strain cross pigs were 16.1 mms. and 26.2 
mms. longer than the carcasses from the purebred pigs. 
The differences between the mating systems in percent 
of lean cuts and backfat thickness were significant. The 
backcross and three-strain cross pigs had 2.4 mms. more 





Sum of squares 
"% lean % * 
outs baoon 
% fat Average baok-
outs fat thickness 
Total 138 125798 
Total reduction® 9 74-792 
Additional reduc­
tion due to: 
Farms 5 25140 
Sexes 1 5009 
Mating sys­
tems 2 13730 
Regression*3 1 9485 
Between litters 
within sub­




























aFarms, sexes, mating systems, and regression. 
R^egression of carcass trait on warm oaroass weight. 
A^djusted to zero differenoe between the sexes and zero differenoe in 
warm oaroass weights. 
Table 26. (continued) 
Mean squares 
Source of Length % lean % % fat Average back-
variation df caroass outs bacon outs fat thickness 
Additional reduc­
tion due to: 
Fa rms 5 
Sexes 1 
Mating sys­


























backfat and 1.1 and 0.6 percentage points more lean cuts, 
respectively, than the purebreds. 
Although the differences between the mating systems in 
percent of fat cuts were large, they were not significant. 
Small and non-significant differences in percent of bacon 
were found between the mating systems. 
The significant differences between the mating systems 
in percent of lean cuts and average backfat thickness dis­
agree with the results for the first two years where no 
significant differences were found between the crossbreds 
and purebreds for these traits. A partial explanation for 
this discrepancy is that the topcross gilts which were used 
to produce the backcross and three-strain cross pigs for 
this part of the study were sired by boars from three of 
the better lines in carcass performance in 1950 and 1951. 
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DISCUSSION AND APPLICATION 
The most striking feature of the foregoing analysis 
was the superiority of the topcross gilts over the pure­
bred gilts in litter production. Commercial hog produc­
tion in Pennsylvania can be increased considerably by 
topcrossing boars from certain inbred lines on purebred 
sows when the topcross females are retained as the mothers 
of the next generation, according to the results of the 
present experiment. The farms in the present study were 
located throughout the swine producing areas of Pennsyl­
vania and should provide a fair cross section of the in­
dustry. Since only the Poland China, Chester White, 
Hampshire, and Berkshire breeds were used as tester stock, 
the results have the most direct application to herds of 
these four breeds. These breeds were chosen because they 
were considered most representative of the purebreds in 
Pennsylvania. 
The results for the first two years gave no indication 
that topcrossing of inbred boars on purebred sows would 
increase the number of pigs in the litter at farrowing or 
at weaning. These results agree with those of Durham et 
al. (1952) for the comparison of topcross and nontopcross 
litters on Wisconsin farms. Since litter size at birth 
and weaning is primarily a function of the female (Wright, 
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1922), no large differences in number weaned would be ex­
pected unless the viability of the pigs was improved con­
siderably. There was a small but non-significant increase 
in viability of the topcross pigs as compared to the pure­
bred pigs. In general, crossbreeding experiments have 
shown that crossbred pigs are more vigorous than the pure­
breds. 
In the present experiment hybrid vigor in the pigs at 
weaning was more pronounced for growth rate than for per­
cent survival. The crossbred litters in 1950 and 1951 
were 25*6 pounds heavier at weaning than the purebred lit­
ters and there was only one percent difference in survival 
from birth to weaning. Therefore, the difference in 
weight of litter at weaning was due almost completely to 
the superior growth of the crossbred pigs. This difference 
in litter weight agrees favorably with the results of 
Winters et al. (1935), Lush et al. (1939) , and Robison (194-8) 
for breed crosses. 
The overall superiority of the topcrosses over the pure­
breds in 140-day weight and rate of gain suggests that top-
crossing of inbred boars from the Landrace strains on pure­
bred sows offers a quick way for the commercial producer 
to increase growth rate. All of the topcross groups were 
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heavier at 140 days of age and had larger daily gains than 
the purebreds. The highly significant difference between 
topcross groups for 140-day weight and daily gain indicate 
that the-lines differ in their crossing ability with pure­
breds. They should be selected on their performance in 
crosses for use in commercial production. This differen­
tial performance between topcross groups agrees with the 
results of Hazel £t al. (1948) and Durham et al. (1952). 
However, Durham et al. (1952) did not find a significant 
difference between the average 154-day weight of the top-
crosses and the nontopcrosses. 
The mating systems were not compared for feed utiliza­
tion. Results from other experiments indicate that the 
efficiency of feed utilization is improved only slightly by 
crossing. The results of Durham et al. (1952) for top-
crosses and Dickerson et al. (1946) for line crosses show 
no significant difference between the crosses and the par­
ental strains. Gregory and Dickerson (1952) found line 
crosses and topcrosses superior in feed utilization to 
the parental strains. Warwick and Wiley (1950) found 
line crosses consumed less feed per 100 pounds of gain 
than conventional bred animals. Winters et al. (1935), 
Lush et al. (1959) and Robison (1948) reported small ad­
vantages in feed utilization for crossbreds. In all of 
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these experiments the crossbred groups were equal to or 
superior to their controls in feed utilization. 
The opportunity for improvement of carcass quality by 
topcrossing does not show much promise. The topcrosses 
were superior to the purebreds in length of carcass but 
there were no significant differences between the two 
mating systems for the other carcass traits. The differ­
ential performance of the topcross groups for carcass 
traits indicates that the lines that are to be used in a 
topcrossing program should be selected on the carcass per­
formance of their topcross progeny. The heritabilities of 
carcass characteristics are moderately high (Craft, 1953; 
Anderson, 1954) and little improvement of carcass quality 
has been noted on crossing. Therefore, the improvement in 
carcass characteristics in a crossbreeding program will de­
pend on a grading-up of the herd by the use of boars from 
superior meat strains plus the selection that is practiced 
on the females by such devices as the backfat probe (Hazel 
and Kline -1952). 
To obtain maximum results from topcrossing, the cross­
breeding plan must evolve into some sort of a rotational 
crossing scheme whereby the crossbred gilts are retained 
in the herd to produce the animals for the next generation. 
This is clearly demonstrated by the results in 1953 where 
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the productivity of the topcross gilts was considerably 
superior to that of the purebred gilts. The topcross gilts 
had a significantly larger number of pigs farrowed, and 
their litters had a lower mortality from birth to weaning. 
The total weight, of the litters from the topcross gilts at 
weaning was 174 percent of trie weight of the purebred lit­
ters. The use of a third strain (Landrace-Eampshire) to 
produce three-strain cross pigs did not show a significant 
advantage over using a purebred boar to produce backcross 
litters. The three-strain cross litters had two percent 
lower mortality from birth to weaning than the backcross 
litters and weighed one pound more at 140 days of age, but 
they gained .01 pound less per day in the feedlot. 
In general, the amount of heterosis should be large 
when the parents are very unlike in their heredity and 
small when the parents are genetically related. The lack 
of superiority of the three-strain cross over the backcross 
litters may be due to a lack of genetic diversity of the 
third strain (Landrace-Eampshire). Winters et al. (1935) 
and Robison (1948) found some advantage of a three-breed 
cross over the backcross. Gaines (1957) found some evi­
dence in favor of using a fourth breed in the rotation. 
However, the poorest results in litter performance in his 
study was from a four breed rotation with the Chester White 
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as the fourth breed. Further evidence is needed on the 
number and kinds of breeds or lines to use in a rotational 
crossing scheme. 
For a topcrossing program to be successful there must 
be a source of inbred lines with superior crossing perform­
ance. Development of such lines would be too expensive 
and time consuming for the majority of the breeders. The 
job seems to be more feasible for experiment stations and 
certain breeders who have the facilities and capabilities 
for developing and testing lines. 
Table 27 gives the ranking of the seven inbred lines 
on the basis of their topcross performance. The rankings 
are in order of merit. For example, the lines with the 
least backfat thickness are ranked first. 
The experimental design of the present investigation 
was not as efficient as one which would have permitted the 
direct estimation of the topcross effects free of farm ef­
fects. Where the prime object of the experiment is to com­
pare the relative combining ability of specified lines, the 
farm differences should be balanced by using boars from two 
or more lines on each farm. 
Assume that two topcross groups are to be compared on 
Table 27. Rankings of the lines in topoross performance in order of merit 
Number Weaning Percent Av. baok- Length 
pigs wt. of. 140-day Daily lean fat thick­ of car-
Line® weaned litter" weight gain outs ness oass 
LLB 6 7 6 3 3 7 3 
L 7 6 4 4 7 5 6 
LD 4 4 7 7 4 3 2 
LPC 3 ? 5 6 1 1 4 
LDH 5 5 2 2 6 4 1 
YDLH 2 2 1 1 5 6 5 
LOW 1 1 3 5 2 2 7 
aSee Table 1 for meaning of symbols. 
bFor a constant number farrowed. 
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each farm and each line is compared with every other line 
once and only once. If the number of lines to be tested is 
p, then jï/Ëj [p(p-lj] farms are needed. To test the seven 
lines in the present experiment would have required 
jl/2] j7(7-6)] = 21 farms for this design. This would be a 
balanced incomplete block design with the farms as the 
blocks and it could be replicated over season or year. The 
analysis of such a design is given by Henderson (1948). 
If the prime object of the comparisons between top-
crosses and outbred stock is to discover whether topcrosses 
of some inbred lines are enough better than commercial stock 
to give them a real economic advantage, these comparisons 
probably should include only topcrosses of lines which have 
shown the most promise in previous comparisons between lines. 
If the poorest lines in the present study had been culled on 
their previous performance the number of farms could have 
been reduced or the better lines studied on more farms. If 
p lines are to be tested against q breeds and each line com­
pared on a farm with each breed once and only once the number 
of farms required would be pq. In the present study pq = 28. 
Twenty farms would have been required to test the five best 
lines. 
If the prime object of the experiment is to compare the 
relative combining ability of lines in topcrosses and to com­
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pare the average performance of the topcrosses with the out-
Where q is number of breeds used as tester stock, p is the 
number of lines to be tested, and the number of breeding 
groups on each farm is two topcross and one purebred group. 
Using this design the present experiment would have required 
of farms needed is 24. Therefore, it seems desirable to 
investigate both questions in the same experiments only when 
the number of lines to be tested is small. 
In the present experiment the topcross and the purebred 
groups were fed out in separate pens on each farm. This de­
sign permits one to compare the feed consumption of the two 
groups, but the group differences are confounded with pen 
differences. Since it is difficult to standardize feed con­
sumption records, it seems rather unlikely that data on feed 
consumption should be studied under field conditions. Then, 
the breeding groups could be fed in the same pen on each 
farm rather than in separate pens. This would permit a more 
direct comparison of the growth rate of the different breed­
ing groups. 
breds the number of farms needed is equal to p-i 
If p - 4 and q = 4 the number 
The carcass data were taken at five different packing 
plants which were located in different areas of Pennsylvania 
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The hogs in the area surrounding a given plant were usually 
killed at that plant. Thus, differences between packing 
plants were partially confounded with farm, breed, and top-
cross effects. Differences between packing plants might 
be important for such carcass traits as percent of lean cuts, 
percent of bacon3 and percent of fat cuts. These traits are 
affected by differences in cutting and trimming that might 
occur from one plant to the other. Therefore, where carcass 
information is collected at several plants, it is suggested 
that only those measurements which can be taken rather uni­
formly over a number of plants be recorded. Backfat thick­
ness and length of carcass are examples of carcass traits 
which are easily standardized. 
An alternative method of carcass evaluation would be 
to probe the live hogs for backfat thickness rather than have 
them killed. This probing technique, Hazel and Kline (1952), 
is quick and easy to apply and could be taken rather uni­
formly over a series of farms. 
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SHMMABY 
The primary objectives of the present study were to 
compare the results of topcrossing inbred boars from seven 
lines, developed at the Agricultural Research Center, Belts-
ville, Maryland, with purebreds on Pennsylvania farms, and 
to obtain information on the general combining ability of 
the seven inbred lines when used in topcrosses. In addi­
tion it was planned to obtain further evidence on the value 
of topcross females in swine production and to compare the 
four breeds used as control stock. 
In 1950 and 1951 records were available on 46l purebred 
and topcross litters at birth and weaning, on 1051 purebred 
and topcross pigs in the feedlot, and on 959 carcasses from 
purebred and topcross pigs. The topcross progeny were out 
of purebred gilts of four breeds and were sired by boars 
from seven inbred lines. In 1953 records were available on 
purebred, backcross, and three-strain cross matings. Back-
cross litters were out of topcross gilts and sired by pure­
bred boars. The three-strain cross progeny were out of top-
cross gilts and sired by Eandrace-Hampshire (Montana No. 1) 
boars. 
In 1950 and 1951 the barrows were 5*4 pounds heavier 
than the gilts at 140 days of age and gained 0.06 pounds 
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more per day. At equal carcass weights barrow carcasses 
were 9 mms. shorter and yielded 0.7 percentage points more 
of bacon and 1.1 percentage points more of fat cuts than the 
gilts. Barrows also yielded 1.5 percentage points less of 
lean cuts and had 0.1 inches thicker backfat than the gilts. 
All of the ses differences were highly significant. Similar 
differences were found between the sexes for the carcass 
traits in 1955. The differences between the sexes for 140-day 
weight and rate of gain in 1953 were smaller and were not 
statistically significant. 
The regressions of carcass traits on warm carcass weight 
for 1950 and 1951 were all highly significant. Each pound 
increase in warm carcass weight resulted in 1.0 rams, longer 
carcasses, 0.06 percentage points more of fat cuts, 0.01 
percentage points more of bacon, and 0.01 inches thicker 
backfat. Lean cuts decreased 0.04 percentage points for 
each pound of increase in warm carcass weight. The regres­
sion coefficients were similar for 1953» 
Farm differences were a highly significant source of 
variation for all traits in 1950 and 1951 and for all traits 
except number farrowed, number weaned, and percent of bacon 
in 1953. 
Differences between years were highly significant for 
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140-day weight, daily gain, and all of the carcass traits 
except percent of bacon. Differences between years for 
number weaned and weaning weight of the litter independent 
of number farrowed were not large enough to be statistically 
significant. 
Breed differences were significant for number weaned, 
for weaning weight of the litter independent of number far­
rowed, and for all carcass traits. 
Mo significant differences between mating systems for 
number weaned were found. The topcross litters averaged 
2.5.6 pounds heavier at weaning than the purebred litters. 
The topcross pigs were 20.4 pounds heavier than the purebreds 
at 140 days of age and gained 0.14 pounds more per day from 
weaning to slaughter. These differences were highly sig­
nificant. 
At equal carcass weights, the carcasses from the topcross 
pigs were not significantly different from those of the pure­
breds except in length of carcass. The carcasses of the top-
cross pigs were 21.6 mms. longer than the carcasses from the 
purebreds. 
Highly significant differences between the topcross 
groups for 140-day weight, daily gain, and certain carcass 
characteristics indicated that the lines differed in their 
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ability to combine with the purebreds. 
In 1953 differences between mating systems for number 
farrowed, number weaned, weaning weight of the litter, 140-
day weight, and daily gain were highly significant. Pure­
bred, backcross, and three-strain cross litters had 7.6, 
10.0 and 9*3 pigs, respectively, at birth and 5»3, 8.0, and 
7.8 pigs at weaning. The weaning weight of the litter av­
eraged 118, 239, and 226 pounds, respectively. The superior 
performance of the backcross and three-strain cross litters 
was considered evidence of hybrid vigor in the topcross fe­
males. 
Purebred, backcross, and three-strain cross pigs weighed 
102, 120, 121 pounds at 140 days of age and gained 1.13, 1.22, 
and 1.21 pounds per day, respectively. 
Differences between mating systems were not significant 
for yields of bacon and fat cuts. Real differences between 
the mating systems were found for length of carcass, per­
cent of lean cuts, and average backfat thickness. The back-
cross and three-strain cross carcasses had 2.4 mms. less 
backfat and 1.1 and 0.6 percentage points more of lean cuts 
than the purebreds. Carcasses from backcross and three-
strain cross pigs were 16.1 and 26.2 mms. longer than those 
from the purebreds. 
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